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[57] ABSTRACT

Novel cephalosporins which has attached to the ex-
omethylene group at the 3-position of the cephem ring
a substituted or unsubstituted aryl, acylamino, aromatic
heterocyclic, triazolyl or tetrazolyl group, said aro-
matic heterocyclic group being attached through a
carbon-carbon bond and said triazolyl or tetrazolyl
group being attached through a carbon-nitrogen bond,
and has the following group attached to the amino
group at the 7-position:

N A—CO—
R‘*% "
S R3

wherein A represents a group of the formula, —CH;—
or a group of the formula

_‘C_
{
N

2

OR>

in which R>- represents a hydrogen atom or an alkyl
group, and the bond ~represents syn or anti isomer or
their mixture; R3 represents a hydrogen or halogen
atom; and R4 represents a hydrogen atom or an amino
group which may be protected or substituted. These
cephalosporins have a broad antibacterial spectrum, are
stable against S-lactamase produced by bacteria, have a
low toxicity, and are well absorbed when administered
orally or parenterally.

8 Claims, No Drawings
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CEPHALOSPORINS, PROCESS FOR PRODUCING
THE SAME, INTERMEDIATES THEREOF AND
PROCESS FOR PRODUCING THE-
INTERMEDIATES

This application is a division of application Ser. No.
07/022,432, filed on Mar. 6, 1987, now abandoned
which is a division of Ser. No. 06/654,681, filed Sept.
26, 1984, now U.S. Pat. No. 4,673,738, which is a divi-
sion of Ser. No. 304,912, filed Sept. 23, 1981, now U.S.
Pat. No. 4,489,072,

This invention relates to novel cephalosporins, pro-
cesses for producing said cephalosporins, intermediates
for the production of said cephalosporins, and a process
for producing the intermediates.

The present inventors have conducted studies with
the aim of discovering compounds having a broad anti-
bacterial spectrum, exhibiting an excellent antibacterial
activity to gram-positive and gram-negative bacteria,
being stable to B-lactamase produced by bacteria, hav-
ing a low toxicity, being at the same time well absorb-
able upon oral or parenteral administration and having
an excellent therapeutic effect on the human and animal
diseases. As a result, it has been found that novel cepha-
losporins characterized in that a substituted or unsubsti-
tuted aryl, acylamino, aromatic heterocyclic, triazolyl
or tetrazolyl group is attached to the exomethylene
group at the 3-position of the cephem ring, said aro-
matic heterocyclic group being attached through a
carbon-carbon bond and said triazolyl or tetrazolyl
group being attached through a carbon-nitrogen bond,
and the following group i1s attached to the amino group
at the 7-position, have the above-mentioned excellent

properties:
N A=—CO—
Ré—{ "
S R’

wherein A, R3 and R#* are as defined below.

It 1s objects of this invention to provide novel cepha-
losporins having the above-mentioned chemical struc-
tural characteristic features, to provide novel cephalo-
sporins having a broad antibacterial spectrum, to pro-
vide novel cephalosporins being stable against S-lacta-
mase produced by bacteria, to provide novel cephalo-
sporins having a low toxicity and being well absorbed
upon oral or parenteral administration and to provide
novel cephalosporins having an excellent therapeutic
effect on the human and animal diseases.

It 1s further objects of this invention to provide a
process for producing said novel cephalosporins, to
provide intermediates for the production of said novel
cephalosporins and to provide a process for producing
said intermediates.

Other objects and advantages of this invention will
become apparent from the following description.

The novel cephalosporins of this invention involve
compounds represented by the formula [I] and salts
thereof:
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? q (1]
N A—CONHT‘/
R**% N
o’ﬁ Z CH;R?
_I._ 3
S R COOR!

wherein R1 represents a hydrogen atom or a carboxyl-
protecting group; R2 represents a substituted or unsub-
stituted aryl, acylamino, aromatic heterocyclic, triazo-
lyl or tetrazolyl group, said aromatic heterocyclic
group being attached to the 3-exomethylene group
through a carbon-carbon bond and said triazolyl or
tetrazolyl group being attached to the 3-exomethylene
group through a carbon-nitrogen bond; R3 represents a
hydrogen or halogen atom; R# represents a hydrogen
atom or an amino group which may optionally be pro-
tected or substituted; A represents a group of the for-
mula, —CHj—, or a group of the formula,

—_——
|
N

2

OR>

in which R> represents a hydrogen atom or an alkyl
group and the bond ~represents syn or anti isomer or
their mixture; and B represents a hydrogen atom or a
lower alkoxy group.

In this specification, unless otherwise specified, the
term ‘“‘alky]” means straight or branched chain Cj_j4al-
kyl, for example, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, 1so-butyl, sec.-butyl, tert.-butyl, pentyl, hexyl,
heptyl, octyl, dodecyl and the like; the term “alkoxy”
means —Q-alkyl having the alkyl group defined above;
the term “lower alkyl” means straight or branched
chain Cj-salkyl, for example, methyl, ethyl, n-propyl,
i1so-propyl, n-butyl, iso-butyl, sec.-butyl, tert.-butyl,
pentyl and the like; the term “lower alkoxy” means
—O-lower alkyl having the lower alkyl group defined
above; the term “acyl” means Cj_jzacyl, for example,
acetyl, propionyl, butyryl, benzoyl, naphthoyl, pen-
tanecarbonyl, cyclohexanecarbonyl, furoyl, thenoyl
and the like; the term *“‘acyloxy” means —OQO-acyl having
the acyl group defined above; the term *‘alkylthio”
means —S-alkyl having the alkyl group defined above;
the term “alkenyl” means Cj_jpalkenyl, for exampie,
vinyl, allyl, 1sopropenyl, 2-pentenyl, buteny! and the
like; the term “alkinyl” means Cj_jpalkinyl, for exam-
ple, ethynyl, 2-propynyl and the like; the term *“cycloal-
kyl” means Cj_7cycloalkyl, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
the like; the term “alkadienyl” means Cs.jpalkadienyl,
for example, 1,3-butadienyl, 1,4-hexadienyl, and the
like; the term “cycloalkenyl” means Cs_jcycloalkenyl,
for example, cyclopentenyl, cyclohexenyl and the like:
the term “‘cycloalkadienyl” means Cs_cycloalkadienyl,
for example, cyclopentadienyl, cyclohexadienyl and the
like; the term “aryl” means, for example, phenyl, naph-
thyl, indanyl and the like; the term “aralkyl” means
ar-lower alkyl, for example, benzyl, phenethyl, 4-meth-
ylbenzyl, naphthylmethyl and the like; the term “heter-
ocyclic group” means heterocyclic group having at
least one hetero-atom selected from the group consist-
ing of oxygen, nitrogen and sulfur, for example, furyl,
thienyl, pyrrolyl, pyrazolyl, imidazolyl, thiazolyl, iso-
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thiazolyl, oxazolyl, isoxazolyl, thiadiazolyl, oxadiazo-
lyl, thiatriazolyl, oxatriazolyl, triazolyl, tetrazolyl, pyri-
dyl, 3-(2-methyli-4-pyrrolinyl), 3-(4-pyrrolinyl), N-(me-
thylpiperidinyl), quinolyl, phenazinyl, 1,3-benzodiox-
olanyl, benzofuryl, benzothienyl, benzoxazolyl, benzo-
thiazolyl, coumarinyl and the like; the term “heterocy-
cle-alkyl” means a group consisting of a heterocyclic
group as defined above and an alkyl group as defined
above; and the term “halogen atom’ means fluorine,
chlorine, bromine and 1odine atoms.

In the formulas described herein, R1 is a hydrogen
atom or a carboxyl-protecting group. The carboxyl-
protecting groups which have conventionally been used
in the penicillin and cephalosporin fields are available
and include ester-forming groups which can be re-
moved by catalytic reduction, chemical reduction or
other treatments under mild conditions; ester-forming
groups which can easily be removed in living bodies;
and other known ester-forming groups which can easily
be removed by treatment with water or an alcohol, such
as organic silyl groups, organic phosphorus-containing
groups, organic tin-containing groups, or the like.

Examples of typical carboxyl-protecting groups are:

(a) Alkyl groups;

(b) Substituted lower alkyl groups, at least one of the
substituents of which 1s halogen, nitro, carboalkoxy,
acyl, alkoxy, oxo, cyano, cycloalkyl, aryl, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkoxycarbonyl, 5-alkyl-2-
oxo-1,3-dioxol-4-yl, 1-indanyl, 2-indanyl, furyl, pyndyl,
4-imidazolyl, phthalimido, succinimido, acetidino,
aziridino, pyrrolidino, piperidino, morpholino, thiomor-
pholino, pyrrolyl, pyrazolyl, thiazolyl, isothiazolyl,
oxazolyl, i1soxazolyl, thiadiazolyl, oxadiazolyl, thia-
triazolyl, oxatriazolyl, tnazolyl, tetrazolyl, pyridyl,
quinolyl, phenazinyl, benzofuryl, benzothienyl, benzox-
azolyl, benzothiazolyl, coumarinyl, N-lower alkyl-
piperazino, 2,5-dimethylpyrrolidino, 1,4,5,6-tetrahy-
dropyrimidinyl, 4-methylpiperidino, 2,6-dimethyl-
piperidino, 3-(2-methyl-4-pyrrolinyl), 3-(4-pyrrolinyl),
N-(methylpiperidinyl), 1,3-benzodioxolanyl, alkyl-
amino, dialkylamino, acyloxy, acylamino, acylthio,
dialkylaminocarbonyl,  alkoxycarbonylamino,  al-
kenyloxy, aryloxy, aralkyloxy, alicycleoxy, heterocy-
cle-oxy, alkoxycarbonyloxy, alkenyloxycarbonyloxy,
aryloxycarbonyloxy, aralkyloxycarbonyloxy, alicycle-
oxycarbonyloxy, heterocycle-oxycarbonyloxy, al-
kenyloxycarbonyl, aryloxycarbonyl, aralkyloxycarbo-
nyl, alicycle-oxycarbonyl, heterocycle-oxycarbonyl,
alkylanilino and alkylanilino substituted by halogen,
lower alkyl, or lower alkoxy;

(c) Cycloalkyl groups, lower-alkyl-substituted cyclo-
alkyl groups, or [2,2-di-(Jlower alkyl)-1,3-dioxolan-4-
yllmethyl groups;

(d) Alkenyl groups;

(e) Alkinyl groups;

(f) Phenyl group, substituted phenyl groups, at least
one of the substituents of which is selected from the
substituents exemplified in above (b); or aryl groups
represented by the formula:

X
wheremn X 1s —CH—CH-—-0O—, —CH=—CH-—S—,
~—-CH2CH3 S, ol CH=N-—-CH—N—, —CH—
CH—CH—CH—, —CO—CH=—CH—CQO—, or
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4
—CO—CO—CH=—CH-—, or substituted derivatives
thereof, the substituents of which are selected from
those exemplified in above (b), or the formula:

wherein Y is a lower alkylene group such as —(CHj)3—
and —(CH3)4—, or substituted derivatives thereof, the
substituents of which are selected from those exempli-
fied in above (b); |

(g) Aralkyl groups which may be substituted, at least
one of the substituents of which is selected from those
exemplified in above (b);

(h) Heterocyclic groups which may be substituted, at
least one of the substituents of which is selected from
those exemplified in above (b),

(1) Alicyclic indanyl or phthalidyl groups or substi-
tuted derivatives thereof, the substituent of which 1s
halogen or methyl; alicyclic tetrahydronaphthyl
groups, or substituted denivatives thereof, the substitu-
ent of which i1s halogen or methyl; trityl group, choles-
teryl group, or bicyclo[4,4,0]-decyl group.

(j) Alicyclic phthalidylidene-lower alkyl group or
substituted derivatives thereof, the substituent of which
1s halogen or lower alkoxy group.

The carboxyl-protecting groups listed above are typi-
cal examples, and there may be used any groups se-
lected from those disclosed in U.S. Pat. Nos. 3,499,9009;
3,573,296; and 3,641,018, West German Offenlegungss-
chrift 2,301,014, 2,253,287; and 2,337,105.

Among them, preferable carboxyl-protecting groups
are those which can readily be removed in living bodies
such as S-lower alkyl-2-oxo0-1,3-dioxol-4-yl groups, ac-
yloxyalkyl groups, acylthioalkyl groups, phthalidyl
group, indanyl group, phenyl group, substituted or un-
substituted phthalidylidene-lower alkyl groups or
groups represented by the formulas:

—CH(CH3),ORS, =~ CHOCOOR® and —CH(CH;),,COOR®

R’ 1'17 1!(8

wherein R® represents a straight or branched chain
substituted or unsubstituted alkyl, alkenyl, aryl, aralkyl,
alicyclic, or heterocyclic group, R’ represents a hydro-
gen atom or an alkyl group, RS represents a hydrogen
atom, a halogen atom or a substituted or unsubstituted
alkyl, cycloalkyl, aryl or heterocyclic group or
—(CH3),—COORS® wherein R®is as defined above and
n represents 0, 1 or 2, and m represents 0, 1 or 2.

The above-mentioned preferable carboxyl-protecting
groups include specifically 5-lower alkyl-2-0xo0-1,3-
dioxol-4-yl groups such as 5-methyl-2-0x0-1,3-dioxol-
4-yl, 5-ethyl-2-oxo-1,3-dioxol-4-yl, 5-propyl-2-oxo0-1,3-
dioxol-4-yl, and the like; acyloxyalkyl groups, such as
acetoxymethyl, pivaloyloxymethyl, propionylox-
ymethyl, butyryloxymethyl, iso-butyryloxymethyl,
valeryloxymethyl, 1-acetoxy-ethyl, 1-acetoxy-n-propyl,
1-pivaloyloxy-ethyl, 1-pivaioyloxy-n-propyl and the
like; acylthioalkyl groups such as acetylthiomethyl,
pivaloylthiomethyl, benzoylthiomethyl, p-chloroben-
zoylthiomethyl, 1l-acetylthio-ethyl, l-pivaloylthio-
ethyl, 1-benzoylthio-ethyl, 1-(p-chlorobenzoylthio)-
ethyl and the like; alkoxymethyl groups such as methox-



S

ymethyl, ethoxymethyl, propoxymethyl, isopropox-
ymethyl, butyloxymethyl and the like; alkoxycar-
bonyloxymethyl groups such as methoxycarbonylox-
ymethyl, ethoxycarbonyloxymethyl, propoxycar-
bonyloxymethyl, isopropoxycarbonyloxymethyl, n-
butyloxycarbonyloxymethyl, tert.-butyloxycarbonylox-
ymethyl, l-methoxycarbonyloxy-ethyl, 1-ethoxycar-
bonyloxy-ethyl, I-propoxycarbonyloxy-ethyl, 1-1s0-
propoxycarbonyloxy-ethyl, 1-butyloxycarbonyloxy-
ethyl and the like; alkoxycarbonylalkyl groups such as

10

methoxycarbonylmethyl, ethoxycarbonylmethyl and .

the like; phthalidy! group; indanyl group; phenyl group;
"and phthalidylidenealkyl groups such as 2-
(phthalidylidene)-ethyl,  2-(5-fluorophthalidylidene)-
ethyl, 2-(6-chlorophthalidylidene)-ethyl, 2-(6-methox-
yphthalidyhdene)-ethyl and the hike.

RZrepresents a substituted or unsubstituted aryl, acyl-
amino, aromatic heterocyclic, triazolyl or tetrazolyl
group, said aromatic heterocyclic group being attached
to the 3-exomethylene group through a carbon-carbon
bond, and said triazolyl or tetrazolyl group being at-
tached to the 3-exomethylene group through a carbon-
nitrogen bond. Herein, said acylamino group is repre-
sented by the formula, RSCONH—, wherein R is, for
example, an alkyl, alkenyl, alkadienyl, cycloalkyl, cy-
cloalkenyl, cycloalkadienyl, aryl, aralkyl, heterocyclic
or heterocycle-alkyl group. Said aromatic heterocyclic
group includes, for example, furyl, thienyl, pyrndyl,
benzofuryl, benzothienyl, quinolyl, isoquinolyl and the
like. Said triazolyl or tetrazolyl group includes 1,2,3-
triazolyl, 1,2,4-triazolyl and 1,2,3,4-tetrazolyl. Though
these triazolyl and tetrazolyl groups have isomers, any
nitrogen atom in their ring may be attached to the 3-
exomethylene. All the cases are included in this inven-
tion. Specific examples thereof are 1-(1,2,3-triazolyl),
2-(1,2,3-tnazolyl), 1-(1,2,4-tnnazolyl), 2-(1,2,4-tnnazolyl),
4-(1,2,4-triazolyl), 1-(1,2,3,4-tetrazolyl) and 2-(1,2,3,4-
tetrazoiyl). | |

Further, the aryl, acylamino, aromatic heterocyclic,
triazolyl and tetrazolyl groups for R2 may optionally be
substituted by at least one substituent such as halogen,
alkyl, aralkyl, aryl, alkenyl, hydroxyl, oxo, alkoxy, al-
kylthio, nitro, cyano, amino, alkylamino, dialkylamino,
acylamino, acyl, acyloxy, acylalkyl, carboxyl, alkoxy-
carbonyl, carbamoyl, aminoalkyl, N-alkylaminoalkyl,
N,N-dialkylaminoalkyl, hydroxyalkyl, hydroxyiminoal-
kyl, alkoxyalkyl, carboxyailkyl, alkoxycarbonylalkyl,
aralkoxycarbonylalkyl, sulfoalkyl, sulfo, sulfamoylal-
kyl, sulfamoyl, carbamoylalkyl, carbamoylalkenyl, N-
hydroxycarbamoylalkyl, and the like. Among these
substituents, hydroxyl, amino and carboxyl may be
protected by an appropriate protecting group conven-
tionally used in this field. As the protecting group for
the hydroxyl group, there may be used all groups which
can conventionally be used for the protection of hy-
droxyl group, specifically including readily removable
acyl groups such as benzyloxycarbonyl, 4-nitroben-
zyloxycarbonyl, 4-bromobenzyloxycarbonyl, 4-
methoxybenzyloxycarbonyl, 3,4-dimethoxybenzylox-
ycarbonyl, 4-(phenylazo)benzyloxycarbonyl, 4-(4-
methoxyphenylazo)benzyloxycarbonyl, tert.-butox-
ycarbonyl, 1,1-dimethylpropoxycarbonyl, i1sopropox-
ycarbonyl, diphenylmethoxycarbonyl, 2,2,2-trichloroe-
thoxycarbonyl, 2,2,2-tribromoethoxycarbonyl, 2-fur-
furyloxycarbonyl, 1-adamantyloxycarbonyl, l-cyclo-
propylethoxycarbonyl, 8-quinolyloxycarbonyl, acetyl,
trifluoroacetyl and the like, as well as benzyl, trityl,
methoxymethyl, 2-nitrophenylthio, 2,4-dinitrophe-
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nylthio and the like. As the protecting group for the
amino group, there may be used all groups which can
conventionally be used for the protection of amino
group, specifically including readily removable acyl
groups such as trichloroethoxycarbonyl, tribromoe-
thoxycarbonyl, benzyloxycarbonyl, p-toluenesulfonyl,
p-nitrobenzyloxycarbonyl, o-bromobenzyloxycarbo-
nyl, o-nitrophenylsulfenyl, (mono-, di- or tri-)chloroa-
cetyl, trifluoroacetyl, formyl, tert.-amyloxycarbonyl,
tert,-butoxycarbonyl, p-methoxybenzyloxycarbonyl,
3,4-dimethoxybenzyloxycarbonyl, 4-(phenylazo)ben-
zyloxycarbonyl, 4-(4-methoxyphenylazo)benzyloxycar-
bonyl, pyridine-1-oxide-2-yl-methoxycarbonyl, 2-
furyloxycarbonyl, diphenylmethoxycarbonyl, 1,1-dime-
thylpropoxycarbonyl, isopropoxycarbonyl, l-cyclo-
propylethoxycarbonyl, phthaloyl, succinyl, l-adaman-
tyloxycarbonyl, 8-gquinolyloxycarbonyl and the like, as
well as such readily removable groups as trityl, 2-
nitrophenylthio, 2,4-dinitrophenylthio, 2-hydroxyben-
zylidene, 2-hydroxy-5-chlorobenzylidene, 2-hydroxy-1-
naphthylmethylene,  3-hydroxy-4-pyridylmethylene,
l-methoxycarbonyl-2-propylidene, 1-ethoxycarbonyl-
2-propylidene, 3-ethoxycarbonyl-2-butylidene, 1-acet-

yl-2-propylidene, 1-benzoyl-2-propylidene, 1-[N-(2-
methoxyphenylcarbamoyl}-2-propylidene, 1-[N-(4-
methoxyphenyl)carbamoyl}-2-propylidene,  2-ethox-

ycarbonylcyclohexylidene, 2-ethoxycarbonylcyclopen-
tylidene, 2-acetylcyclohexylidene, 3,3-dimethyl-5-
oxocyclohexylidene and the like, and other protecting
groups for amino group such as di- or tri-alkylsilyl and
the like. As the protecting group for carboxy!l group,
there may be used all groups which can conventionally
be used for the protection of carboxyl group, specifi-
cally including such groups as methyl, ethyl, n-propyl,
iso-propyl, tert.-butyl, n-butyl, benzyl, diphenylmethyl,
trityl, p-nitrobenzyl, p-methoxybenzyl, benzoylmethyl,
acetylmethyl, p-nitrobenzoylmethyl, p-bromobenzoyl-

methyl, p-methanesulfonylbenzoylmethyl,
phthalimidomethyl, trichloroethyl, 1,1-dimethyl-2-
propenyl, 1,1-dimethylpropyl, acetoxymethyl, pro-

pionyloxymethyl, pivaloyloxymethyl, 3-metyl-3-buti-
nyl, succinimidomethyl, 1-cyclopropylethyl, methylsul-
fenylmethyl, phenylthiomethyl, dimethylaminomethyl,
quinoline-1-oxide-2-yl-methyl, pyridine-1-oxide-2-yl-
methyl, bis(p-methoxyphenyl)methyl and the like; non-
metallic compounds such as titanium tetrachloride; and
silyl compounds such as dimethylchlorosilane as men-
tioned in Japanese Patent Application Kokai (Laid-
Open) No. 7,073/71, and Dutch Patent Application No.
71 05259 (Laid-open).

In the formula [I], R4 represents a hydrogen atom or
an amino group which may optionally be protected or
substituted. As the protecting group for the amino
group, there may be used groups which can conven-
tionally be used in the fields of penicillin and cephalo-
sporin, specifically including the protecting groups for
amino group mentioned as to R2. As the substituent for
said substituted amino group, there may be used, for
example, alkyl, alkenyl, cycloalkyl, aryl, aralkyl, heter-
ocyclic, and heterocycle-alkyl groups. The amino
group may be substituted by one or more of these sub-
stituents. These protecting groups and substituents may
additionally be substituted by one or more substituents
such as halogen, alkyl, nitro, hydroxyl, alkoxy, oxo,
thioxo, alkylthio, acylamino, acyl, acyloxy, aryloxy,
carboxyl, carbamoyl, hydroxyalkyl, alkoxyalkyl, car-
boxyalkyl, alkoxycarbonyl, amino, alkylamino, amino-
alkyl, N-alkylaminoalkyl, sulfoalkyl, sulfo, sulfamoyl,
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carbamoylalkyl, aryl, and heterocyclic groups, exam-
ples of the heterocyclic group being furyl, thienyl and
the like. The hydroxyl, amino and carboxyl groups used

as the substituent may additionally be protected with an
appropriate protecting group which is conventionally 5
employed, including, for example, the protecting
groups for hydroxyl, amino and carboxyl groups men-
tioned as to R2.

A represents —CHp— or

10
e
L
N

:

OR>
135
wherein R3 represents a hydrogen atom or an alkyl
group. The oxime compound wherein A represents

'ﬁ"’ - 20
N

2

OR>

covers its syn and anti 1somers, as well as their mixtures. 55

In the group,
N
o/
R "< " ’ 30
S R> |

of the formula [I], there exist tautomers when R41is an
amino group which may optionally be a protected or
substituted amino group, as shown by the following 35
equilibrium equation, and the tautomers are also in-
cluded in this invention:

H
N N 40)
R4—< R4'=<'
—
S R3 S ;&

wherein R3 and R4 are as defined above, and R# repre- 45
sents an imino group which may optionally be pro-
tected or substituted. As the protecting group for tmino
group represented by R4 in the above-mentioned equi-
librium equation, there may be employed the groups
conventionally used in the fields of penicillin and cepha- 50
losporin, specifically including the same groups as the
monovalent groups among the protecting groups for
amino group mentioned as to R2. ‘

As the substituent for said substituted imino group,
there may optionally be used the substituents for amino 33
group mentioned as to R4.

As the salts of the compound represented by the
formula [I], there may be mentioned salts at the basic
group or the acidic group usually known in the fields of
penicillin and cephalosporin, specifically including salts 60
with mineral acids such as hydrochlonc acid, nitric
acid, sulfuric acid and the like; salts with organic car-
boxylic acids such as oxalic acid, succinic acid, formic
acid, trichloroacetic acid, trifluoroacetic acid and the
like; and salts with sulfonic acids such as methanesul- 65
fonic acid, ethanesulfonic acid, benzenesulfonic acid,
toluene-2-sulfonic acid, toluene-4-sulfonic acid, mesity-
lenesulfonic acid (2,4,6-trimethylbenzenesulfonic acid),

8

naphthalene-1-sulfonic acid, naphthalene-2-sulfonic
acid, phenylmethanesulfonic acid, benzene-1,3-disul-
fonic acid, toluene-3,5-disulfonic acid, naphthalene-1,5-
disulfonic acid, naphthalene-2,6-disulfonic acid, naph-
thalene-2,7-disulfonic acid, benzene-1,3,5-trisulfonic
acid, benzene-1,2,4-trisulfonic acid, naphthalene-1,3,5-
trisulfonic acid and the like (as the salts at the basic
group), and salts with alkali metals such as sodium,
potassium and the like; salts with alkaline earth metals
such as calcium, magnesium and the like; ammonium
salts; salts with nitrogen-containing organic bases such
as procaine, dibenzylamine, N-benzyl-3-phenethyla-
mine, l-ephenamine, N,N-dibenzylethylenediamine,
triethylamine, trimethylamine, tributylamine, pyridine,
dimethylaniline, N-methylpiperidine, N-methylmor-
pholine, diethylamine, dicyclohexylamine and the like
(as the salts at the acidic group). |

Further, this invention covers all the optical isomers,
racemic compounds, and all crystal forms and hydrates
of the compounds represented by the formula [I] and
their salts.

Among the compounds of this invention represented
by the formula [I], preferred are those in which A is a
group represented by

o
|
N

2

OR?

among which those in which R is a hydrogen atom or
a methyl group are more preferable. When R3 is a
methyl group, syn isomers are particularly preferable.
Other examples of preferable compounds are those in
which R? is a substituted or unsubstituted triazolyl or
tetrazolyl group attached to the exomethylene group at
the 3-position of the cephem ring, among which those in
which R2is a substituted or unsubstituted 1,2,4-triazolyl
or 2-(1,2,3,4-tetrazolyl) group are particularly prefera-
ble.

The results of a test for the pharmacological effect of
the typical compounds of this invention are as follows:

(1) Antibactenal activity

According to the standard method of the Japanese
Chemotherapeutic Society [Chemotherapy, Vol. 23,
Pages 1-2 (1975)], a culture obtained by cultivating
bacteria in Heart Infusion broth (manufactured by
Eiken Kagakusha) at 37° C. for 20 hours was inoculated
into a Heart Infusion agar medium (manufactured by
Eiken Kagakusha) and cultivated at 37° C. for 20°
hours, after which the growth of bacteria was examined
visually. The minimum inhibitory concentration at
which the bacterial growth was inhibited was taken as
MIC (ug/ml). The amount of the inoculated bacteria
was 10# cells/plate (100 cells/ml).

Test compounds

(A) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-y1)-2-(syn)-methoxyiminoacetamido]-3-[(3-acetamido-
1,2,4-triazolyl)methyl}-A3-cephem-4-carboxylic acid®,

(B) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-y1)-2-(syn)-methoxyiminoacetamido]-3-(furan-2-yl-
carboxamido)methyl-A3-cephem-4-carboxylic acid,
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(C) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-yl)-2-(syn)-methoxyiminoacetamido]-3-
acetamidomethyl-A3-cephem-4-carboxylic acid,

(D) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-yl)-2-(syn)-methoxyiminoacetamido]-3-(4-hydrox-
ybenzyl)-A3-cephem-4-carboxylic acid,

(E) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-yl)-2-(syn)-hydroxyiminoacetamido]-3-[(2-(5-methyl-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylic
acid,

(F) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-y1)-2-(syn)-methoxyiminoacetamido]-3-[2-(1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylic acid,

(G) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-yl)-2-(syn)-methoxyiminoacetamido]-3-[1-(1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylic acid, acid,

(H) Trnifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-yl)-2-(syn)-methoxyiminoacetamido]-3-[2-(5-amino-
1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-carboxylic
acid,

(I) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-4-
y1)-2-(syn)-methoxyiminoacetamido]-3-[2-(5-acetamido-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylic
acid,

(J) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-4-
yl)-2-(syn)-methoxyiminoacetamido]-3-{2-(5-methyl-
1,2,3,4-tetrazolyl)methyl-]-A3-cephem-4-carboxylic
acid,

(K) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-y])-2-(syn)-methoxyiminoacetamido}-3-[2-(2-(5-ethyl-
1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-carboxylic
acid,

(L) Trifluoroacetic acid salt of 7-}2-(2-aminothiazol-
4-yD)-2-(syn)-methoxyiminoacetamido}-3-[(3-chloro-
1,2,4-triazolyl)methyl]-A3-cephem-4-carboxylic acid*,
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(M) Trnfluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-yl)acetamido]-3-[2-(5-acetamido-1,2,3,4-tetrazolyl)-
methyl]-A3-cephem-4-carboxylic acid, and

(N) Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-
4-yh)acetamido]-3-[2-(1,2,3,4-tetrazolyl)methyl]-A5-
cephem-4-carboxylic acid

(Note: * Those compounds were obtained in Example
21, etc. and the position of bond of 1,2,4-triazolyl is not
specified because the 1,2 4-triazole was attached to the
exomethylene group at the 3-position of the cephem
ring through a carbon-nitrogen bond but it was not
confirmed which of the nitrogen atoms of 1,2,4-triazolyl
group was attached to the exomethylene group at the
3-position of the cephem ring. Moreover, the position of
the substituent on the 1,2,4-triazolyl group is specified
by referring to the position of the substituent in the
starting compound used. The same applies in this speci-
fication when it 'was not confirmed which of the nitro-
gen atoms 1n 1,2,4-triazole is attached to the exomethy-
lene group at the 3-position of the cephem ring. For
example, the compound in which 3-methyl-1,2,4-
triazole, 3-methylthio-1,2,4-triazole, 3-acetamido-1,2,4-
triazole, 3-chloro-1,2,4-tnnazole, 3-ethoxycarbonyl-
1,2,4-triazole or the like is attached to the exomethylene
at the 3-position of the cephem ring are named *---
-3-[(3-methyi-1,2,4-triazolyl)methyl]- ---7, “--- -3-[(3-
methylthio-1,2,4-triazolyDmethyl]- ---, “--- -3-[(3-
acetamido-1,2,4-triazolyl)methyl]- ---, - -3-[(3-
chloro-1,2,4-triazolyl)methyl]- ---’ or *‘--- -3-[(3-ethox-
ycarbonyl-1,2,4-triazolyl)methyl}- ---”, respectively.
The nomenclature of 1,2,3-triazolyl-substituted com-
pounds is the same as the above-mentioned method in
the case of 1,2,4-triazolyl-substituted compounds.

TABLE 1
Antibacterial Activity
MIC (pg/ml)
Compound _
Bactena Cephazoline A B C D E F G H 1
E. coli NIH] 1.56 =0.1 =0.1 =01 =0.1 =0.1 =0.1 =0.1  =0.1 =0.1
E. coli TK3 25 0.39 0.39 0.39 1.56 0.78 =0.1 0.39 0.78 0.39
(Peniciliinase-
producing bacteria)
K pneumoniae Y-50 1.56 =01 =01 =0.1 02 =01 =01 =01 0.2 =0.1
Klebsiella spp Y-72 ~> 200 6.25 1.56 6.25 6.25 313 — — — —
KL pneumoniae Y-41 3.13 0.2 0.2 0.2 0.78 0.2 =01 0.2 0.39 0.2
Ent. cloacae I1D977 > 200 6.25 25 50 25 6.25  12.5 6.25 125 —
Ser. marcescens 11D620 > 200 0.78 0.2 1.56 3.13 3.13 0.39 1.56 0.78 —
Pro. morganii T-216 > 200 0.2 0.39 0.78 0.78 =0.1 =0.1 0.2 0.78 —
Pro. mirabilis T-111 6.25 0.2 0.2 0.39 0.78 0.39 =01 0.2 0.39 =01
Pro. mirabilis T-100 — =0.1 =0.1 =01 =0.1 =0.1 — —_ —_ =0.1
Pro. vulgaris GN76 > 200 3.13 0.78 6.25 1.56 6.25 0.78 0.78 1.56 —
(Cephalosporinase-
producing bacteria)
Al faecalis B-1 100 50 12.5 12.5 25 3.13 3.13 125 12.5 —
Aci. calcoaceticus A-6 200 25 25 12.5 625 50 6.25 25 25 —_—
MIC (ug/ml)
Compound
Bactena J K L M N
E. coli NIH] =0.1 =0.1 =0.1 0.39 0.39
E. coli TK3 0.39 0.39 0.39 1.56 1.56
(Penicillinase-
producing bacteria)
Kl pneumoniae Y-50 =0.1 0.2 =01 0.78 0.39
Klebsiella spp Y-72 - —_— — — -
Kl pneumoniae Y-41 =0.39 0.78 0.39 0.78 0.78
Ent. cloacae IID977 — — — - —
Ser. marcescens HD620 — — — —_— —_
Pro. morganii T-216 - —_ — — -
Pro. mirabilis T-111 0.2 0.78 0.78 0.78 0.78
Pro. mirabilis T-100 =0.1 =0.1 =0.] 0.39 0.39
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TABLE l-continued

Antibactenial Activity

Pro. vulgaris GN76
(Cephalosporinase-
producing bacteria)
Al faecalis B-1

Aci. calcoaceticus A-6 — — — _ —

(2) Oral administration experiment

Each test compound was administered orally to mice
(ICR, male, 4 weeks old) at a dose of 2 mg per head, and
the recovery of the compound from urine was deter-
mined. The results are shown in Table 2. After being
absorbed in living body, all the test compounds were
readily freed from the ester group to give the corre-
sponding free carboxylic acids. Therefore, the free car-

Method of administration

The test compound was suspended in 0.5% CMC
solution and then orally administered.

15 Method of quantitative analysis

The quantitative analysis were carried out by a paper
disc method with the testing bacteria mentioned In

Table 2.
TABLE 2

S

N —T—A“CDNH—[——l/
HCI.HzN—{

. N
| 0% 2™ CH,R?

S = - COOR!
Recovery
Compound from urine Testing
A R! R? (%)" bacteria
—CH>— - CH2OCOC(CH31)3 N == N 45.1 M. luteus ATCC934]
/
- N
AN
N =
—CHy=— '’ N=N 32.0 N
/
N
AN
N
CH;

#ﬁ_ (S}rn) I rr 33‘1 rr
N-—QOCH;

) --(IZH—OCOC(CH3)3 " 35.0 )
CH;

—C— (syn) —CH;0COC(CHa3)s N N 47.0 Kl pneumoniae
| ATCCI10031
N—OCH; N O P

N Cl
—C— (syn) ' N == N 28.8 M. luteus ATCC9341
| /
N—OH —_N
AN
N
CH;
Note:

*0-—4 hrs.; average value of 5 cases.

boxylic acid excreted into urine was quantitatively ana-
lyzed and taken as recovery from urine.

65 (3) Acute toxicity test

Three test compounds were intravenously adminis-
tered to mice (ICR, male, 4 weeks old) to test their
acute toxicities. The results are as shown in Table 3.
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TABLE 3

Test Compound

T CH CONHTr
NH2_< 2 \J\
N
L

COOH

CH;_N l
\g\cmr@

C— CONH
NH2—<

OCH3
COOH J
(syn)
C—CONH
NHQ—-<
0CH3 CHy t O /L
COOH
(syn)

The compounds represented by the formula [I] and
their salts can be administered to human and animals in
the form of free acid, non-toxic salt or physiologically
acceptable ester for the purpose of treating and prevent-
ing bacterial infectious diseases. It 1s preferred that the
compounds be parenterally administered in the form of
free acid or non-toxic salt or orally administered in the
form of physiologically acceptable ester. In these cases,
they may be prepared into preparation forms which are
conventionally applied to cephalosporin drugs, such as
tablet, capsule, powder, granule, fine granule, syrup,
injection (including drop), suppository and the like. In
producing the above-mentioned drugs, there may, if
necessary, be used diluents and/or additives including
excipients such as starch, lactose, sucrose, calcium
phosphate, calcium carbonate and the like, binders such
as gum arabic, starch, crystalline, cellulose, carboxy-
methyl cellulose, hydroxypropyl cellulose and the like,
lubricants such as talc, magnesium stearate and the like,
and disintegrators such as carboxymethyl calcium, talc
and the like.

In administering the cephalosporin preparation of this
invention to human, the dose and the number of repeti-
tions of administration are appropriately selected de-
pending on the condition of illness and others. It is
usual, however, to administer the preparation either
orally or parenterally at a dose of about 50-5,000 mg of
the cephalosporin compound of this invention at 1-4
times a day, per adult.

This invention provides not only the compounds
represented by the formula {I] and salts thereof men-
tioned hereinbefore and processes for producing the
same, which processes will be mentioned below, but
also intermediates represented by the formula {IIIb],
IV] and [V] and salts thereof which will be described
below and a process for producing an intermediate
represented by the formula [IIla] and salts thereof,
which process will be described hereinafter.

30
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14
LDsg
(g/kg)
~3.0
> 3.0
~3.0
B S [111a)
“TT
z— N =z
) CH;R%c
COOR!
or salt thereof
fIIIb]
gng
N
S CHZRZb
COOR!
or salt thereof
B S [IV]
le’CHzCO-A—-CONH—T-—-l/
o N
0~ A CH,R?
COOR!

or salt thereof

~ I“‘”“N‘Tf
R
N Z CH;R?

COOR!
or salt thereof

wherein R1, R2, R3, R4, A and B are as defined above;
R2a represents a substituted or unsubstituted triazolyl or
tetrazolyl group attached to the exomethylene group at
the 3-position of the cephem ring through a carbon—ni-
trogen bond as explained as to R?; R2% represents a
substituted or unsubstituted 1,2,4-tnazolyl or 2-(1,2,3,4-
tetrazolyl)group; R1° represents a halogen atom; and
R10is as defined below.

An explanation is made below of the process for
producing these compounds of this invention. That is,
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these compounds can be produced, for example, by the compounds convertible to the novel cephalosporins
reaction route shown below. represented by the formula [I], as can be understood

Though the intermediate of this invention and its salt from the reaction routes shown below.
have per se an antibacterial activity, they are useful

Reaction Routes

N A—COOH
B
* Z 4__ 4/
1. R10— R 10 R "< “ [VI]
N conversion reaction
o
0~ 2 CH,R

at 3-position > y, or 115 reactwe derivative >
O CHzR Acylation
COOH COOR!
[11] [111)
or derivative in I or salt thereof

the carboxyl group
thereof or salt
thereof

N A-—-CONH—[——(
R4_<f

S R3

CH;R?

COOR‘

or salt thereof

CH3;COCH;COOH [VII]
Or 1ts reactive

2. [II1] or salt thereof %—%Gﬂ;;COCHZCONHT{
/

COOR!
[VII]

CH;R?

or salt thereof

nitroso-formation
(angd if desired

alkylation)
CH3COCCOOH [IX] or
|| its reactive
derivative
% 5
[I11I] or salt thereof ——iﬁ_—>CH3COCCONH
Acylation
N
2" CH,R?
0R5

COOR‘

or salt thereof

J/Halogcnation
N CCONH RISCH,;COCCONH
II
R4'< Y cnr? é__—QNCSR“ IXI] § SARENZ  FOPRS
OR5 2 Ring closure

S OR> 1
COOR! COOR

[1a] [IVa]
or salt thereof or salt thereof
R1°CH,CO=A—COOH [XII)
or its reactive derivative
3. [III] or salt thereof —EW




17

5,144,027

18

~-continued
Reaction Routes

R“’CHZCO-A—CONH—E—r A—CONH—L—]/
2 —9R44< N S cur?
CHRR Ring closure 2

COOR! COOR!
[IV] [Ib]
or salt thereof or salt thereof
N (l.'IJCOOH
Ré—{/ O [X1II]
S
R3
Or its reactive derivative
4. [111] or salt thereof ——W——9
CCONHTI/ N CCONH~[—(
NH,0RS5 [XIV]
R4—< N P | Ré—{ N
5 _or salt thereof > P 5
CH2R Oximination 5 CHaR
1 S OR 1
COOR COOR
R> [1c)
or salt thereof
or salt thereof
B S
A—CONH—E-r A—'CONHT]/
5. R4 MIB),1 [XV] o R 22— N
CHR? oL 2 Y] 0% " CHoR2
Alkoxylation 2
COOR! S T\ COOR!
[1d} R> [Ie]

or salt thereof

wherein R1, R2, R3, R4, R5, Ri6, A B and the bond ~
are as defined above; B! represents the lower alkoxy
group mentioned as to B; Z represents —S— or

M! represents an alkali metal atom or an alkaline earth
metal atom; m! represents an integer of 1 or 2; R10repre-
sents an amino group, a group of the formula,

RIZ/ Illl3
in which R1l, R12 and R13, which may be identical or
different, represent hydrogen atoms or organic residues

not participating in the reaction, or a group of the for-
mula,

R 14

C=N=
RIS/

in which R14and R!5, which may be identical or differ-
ent, represents hydrogen atoms or organic residues not

45

50

35

65

or salt thereof

participating in the reaction; and R!7 represents a substi-
tuted or unsubstituted acyloxy or carbamoyloxy group.

In the compounds represented by the formulas {II]
and [III] and their salts, R19includes an amino group, a
group represented by the formula,

Ru/ I|{13

and a group represented by the formula,

RI4
AN
C=N—,
RIS/

and the group represented by the formula,

Rll
N\
—C=—NH—,
/|

R12 R13

means to include a group represented by the formula,
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hydroxylamine, diethylhydroxylamine, 1-hydrox-
Rl ypiperidine, oxime and the like.
\ | (c) Amides: Acid amides, N-substituted acid amides
CH—C=N=~, and N,N-disubstituted acid amides are all included, and
Ru/ 1',\13 5 there may specifically be mentioned N-alkyl acid am-

which is an 1somer of the former.

As the organic residue not participating in the reac-
tion at R1!, R12 R!13 R14 and R!’ in the above-men-
tioned formulas, there may be used substituted or un-
substituted aliphatic, alicyclic, aromatic, ar-aliphatic,
heterocyclic, and acyl residues, and the following
groups may specifically be mentioned:

(1) Aliphatic residues: for example, alkyl groups and
alkenyl groups,

(2) Alicyclic residues: for example, cycloalkyl groups
and cycloalkenyl groups,

(3) Aromatic residues: for example, aryl groups,

(4) Ar-aliphatic residues: for example, aralkyl groups,

(5) Heterocyclic residues: for example, heterocyclic
groups,

(6) Acyl groups: acyl groups which can be derived
from organic carboxylic acids, and examples of said
organic carboxylic acids are aliphatic carboxylic acids;
alicyclic carboxylic acids; alicycloaliphatic carboxylic
acids; aromatic-substituted aliphatic carboxylic acids;
aromatic-oxyaliphatic carboxylic acids; aromatic-thi-
oaliphatic carboxylic acids; heterocycle-substituted ali-
phatic carboxylic acids; heterocyclic-oxyaliphatic car-
boxylic acids; or heterocychic-thioaliphatic carboxylic
acids; organic carboxylic acids in which an aromatic
nng, aliphatic group or alicyclic group is attached to
the carbonyl group through an oxygen, nitrogen or
sulfur atom; aromatic carboxylic acids; heterocyclic
carboxylic acids; and the like.

As said aliphatic carboxylic acids, there may be men-
tioned formic acid, acetic acid, propionic acid, butanoic
acid, isobutanoic acid, pentanoic acid, methoxyacetic
acid, methylthioacetic acid, acrylic acid, crotonic acid
and the like; and as said alicyclic carboxylic acids, there
may be mentioned cyclohexanoic acid and the like; and
as said alicycloaliphatic carboxylic acids, there may be
mentioned cyclopentane-acetic acid, cyclohexane-
acetic acid, cyclohexane-propionic cyclohexadiene-
acetic acid and the like.

As the aromatic residue in the above-mentioned or-
ganic carboxylic acids, the aryl groups mentioned here-
inbefore as examples can be used; and as said heterocy-
clic ring, there may be used the heterocyclic groups
mentioned hereinbefore as examples.

Further, the individual groups constituting these or-
ganic carboxylic acids may additionally be substituted
by a substituent such as halogen, hydroxyl, protected
hydroxyl, alkyl, alkoxy, acyl, nitro, amino, protected
amino, carboxyl, protected carboxyl, or the like.

As said protecting group for amino, hydroxyl and
carboxyl groups, the protecting groups mentioned as to
RZ may be used. |

The derivatives of the compound of the formula [II]
at its carboxyl group include, for example, the follow-

ings:

(a) Esters: Esters conventionally used in the fields of
penicillin and cephalosporin may be used, and include
specifically the esters mentioned as to R

(b) Anhydrides of the carboxyl group with N-
hydroxysuccinimide, N-hydroxyphthalimide, dimethyl-

ides such as N-methyl acid amide, N-ethyl acid amde

~ and the like; N-aryl acid amides such as N-phenyl acid
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amide and the like; N,N-dialkyl acid amides such as
N,N-dimethy! acid amide, N,N-diethyl acid amide, N-
ethyl-N-methy! acid amide and the like; and acid amides
with imidazole, 4-substituted i1midazole; triazolopyri-
done and the like.

As the acyloxy and carbamoyloxy groups for R!7,
there may specifically be mentioned alkanoyloxy
groups such as acetoxy, propionyloxy, butyryloxy and
the like; alkenoyloxy groups such as acryloyloxy and
the like; aroyloxy groups such as benzoyloxy, naph-
thoxyloxy and the like; and carbamoyloxy group. They
may be substituted by one or more substituents such as
halogen, nitro, alkyl, alkoxy, alkylthio, acyloxy, acyl-
amino, hydroxyl, carboxyl, sulfamoyl, carbamoyl, car-
boalkoxycarbamoyl, aroylcarbamoyl, carboalkoxysul-
famoyl, aryl, carbamoyloxy, and the like.

In the above-mentioned substituents on R17, the hy-
droxyl, amino, and carboxyl groups may be protected
with conventional protecting groups. As the protecting
group, there may be used the protecting groups for
hydroxyl, amino and carboxyl groups mentioned as to
R2,

The salts referred to in the above-mentioned reaction
route diagram include both of the salts at acidic group
and the salts at basic group, and specifically, the saits
mentioned as to the compound represented by the for-
mula [I] may be used. |

This invention also covers all the 1somers of the inter-
mediates (for example, syn and anti isomers, tautomers,
optical isomers and the like), as well as their mixtures,
all crystalline forms and hydrates.

Further, an explanation is made of the process for
producing the compounds represented by the formulas
[I] (including [Ia], [Ib], [Ic], [I1d] and [Ie]), [III] (includ-
ing [IIIa] and [IIIb]), [IV] (including [IVa)]), [V], [VIII]
and [X] and their salts. The reaction routes to produce
these compounds are as shown in the above reaction
route diagram.

(1) In the conversion reaction at 3-position of route 1,
7-(substituted or unsubstituted)amino-3-substituted
methyl-A3-cephem-4-carboxylic acids represented by
the formula {III] (including [II1a] and [IIIb], too; herein-
after the same applies) or their salts can be produced by
reacting the cephalosporanic acid represented by the
formula [II] or its derivative in the carboxyl group or a
salt thereof with a substituted or unsubstituted aromatic
hydrocarbon, a substituted or unsubstituted nitrile com-
pound, a substituted or unsubstituted aromatic hetero-
cyclic compound or triazole or tetrazole, which may
have substituents on the carbon atoms in the ring, in an
organic solvent in the presence of an acid or an acid
complex compound and subsequently, if desired, re-
moving the protecting group, protecting the carboxyl
group or converting the carboxyl group to a salt. Fur-
ther, if necessary, the substituent on the 7-amino group
may be removed by a conventional method to give a
7-unsubstituted amino compound.

'According to this production process, the compound
represented by the formula [II}, its derivative in the
carboxyl group or a salt thereof may be reacted with a
substituted or unsubstituted aromatic hydrocarbon to



5,144,027

21

obtain a compound of the formula [III] or its salt in
which R? is the corresponding aromatic hydrocarbon
group, or similarly, reacted with a substituted or unsub-
stituted nitrile compound to obtain a compound of the
formula {III] or its salt in which RZis the corresponding
acylamino group, or similarly, reacted with a substi-
tuted or unsubstituted aromatic heterocyclic compound
to obtain a compound of the formula [III] or its salt in
which R2 is the corresponding aromatic heterocyclic
group, or similarly, reacted with triazole or tetrazole,
which may have substituents on the carbon atoms in the
ring to obtain a compound of the formula [III] or its salt
in which R is the corresponding substituted or unsub-
stituted triazolyl or tetrazolyl group (namely, a com-
pound of the formula [I1Ia} or its salt). In all the above
cases, the reaction is conducted by an industrially easy
operation to obtain the product in a high yield with a
high purity.

As the substituted or unsubstituted aromatic hydro-
carbon which is the reactant in said reaction, there may
be used an aromatic hydrocarbon corresponding to the
substituted or unsubstituted aromatic hydrocarbon
group for R2, namely an aromatic hydrocarbon repre-
sented by R?2H (R? means the substituted or unsubsti-
tuted aromatic hydrocarbon group mentioned above as
to R2). As said substituted or unsubstituted nitrile com-
pound, there may similarly be used a nitrile compound
corresponding to the substituted or unsubstituted acyl-
amino group for R%, namely a nitrile compound repre-

sented by RCN (R is as defined above). As the substi-:

tuted or unsubstituted aromatic heterocyclic com-
pound, there may be similarly used an aromatic hetero-
cyclic compound corresponding to the substituted or
unsubstituted aromatic heterocyclic group for R2,
namely an aromatic heterocyclic compound repre-
sented by R2H (R? means the substituted or unsubsti-
tuted aromatic heterocyclic group mentioned above as
to R2). As the triazole or tetrazole which may have
substituents on the carbon atoms in the ring, there may
similarly be used a triazole or tetrazole corresponding
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to the substituted or unsubstituted triazolyl or tetrazolyl

group for R2, namely a triazole or tetrazole represented
by R2H (R2 means the substituted or unsubstituted triaz-
olyl or tetrazolyl group mentioned above as to R?).

In these triazoles and tetrazoles, tautomers exist as
shown below. Any of these isomers and any of their
mixtures may be used in the reaction.

R R R R
|==ﬁ —t || ||
N NH ~ N N
—
\NH" "--..N.-"
| H
N N ~ N NH
| A ~ I /k
-~
I NN A PN
H
N N < N N
o |
N =~ NH
H

wherein R represents a hydrogen atom or the substitu-
ents mentioned above as to R2, and the two R’s may be
identical or different.
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The triazoles and tetrazoles which may have substitu-
ents on the carbon atoms in the ring may, if necessary,
be used in the form of a basic salt or an acidic salt for the
reaction. As said basic salt and acidic salt, there may be
used the same salt forms as the salts in the carboxyl
group and amino group mentioned as to the salt of the
compound represented by the formula [I]. The sailt of
the compound represented by the formula [II] may
previously be isolated and then used, or may be pre-
pared in situ.

As the acid or acid complex compound used in the
above reaction, protonic acids, Lewis acids and com-
plex compounds of Lewis acids may be used. As the
protonic acid, there may be mentioned sulfuric acids,
sulfonic acids and super-acids (the term “super-acids”
means acids stronger than 100% sulfuric acid and in-
cludes some of the above-mentioned sulfuric acids and
sulfonic acids). Specifically, there may be used sulfuric
acid, chlorosulfuric acid, fluorosulfuric acid and the like
as the sulfuric acids; alkyl(mono- or di-)sulfonic acids,
for example, methanesulfonic acid, trifiuoromethanesul-
fonic acid and the like and aryl(mono-, di- or tri-)sul-
fonic acids, for example, p-toluenesulfonic acid and the
like as the sulfonic acids; and perchloric acid, magic
acid (FSO3H-SbF3), FSO3iH-AsFs, CFiSO3H-SbFs,
HF-BF3;, H2SO4-S0O3 and the like as the super-acids. As
the Lewis acids, boron trifluoride may be mentioned as
an example. As the complex compound of Lewis acid,
there may be mentioned complex salts of boron trifluo-
ride with dialkyl ethers such as diethy! ether, di-n-pro-
pyl ether, di-n-butyl ether and the like; complex salts of
boron trifluoride with amines such as ethylamine, n-
propylamine, n-butylamine, triethanolamine and the
like; complex salts of boron trifluoride with carboxylic
esters such as ethyl formate, ethyl acetate and the like;
complex salts of boron trifluoride with aliphatic acids
such as acetic acid, propionic acid and the like; complex
salts of boron trifluoride with nitriles such as acetoni-
trile, propionitrile and the like.

As the organic solvent in this reaction, all the organic
solvents which do not adversely aftect the reaction may
be used, and there may specifically be mentioned ni-
troalkanes such as nitromethane, nitroethane, nitropro-
pane and the like; organic carboxylic acids such as for-
mic acid, acetic acid, trifluoroacetic acid, dichloroace-
tic acid, propionic acid and the like; ketones such as
acetone, methyl ethyl ketones, methyl 1sobutyl ketone
and the like; ethers such as diethyl ether, diisopropyl
ether, dioxane, tetrahydrofuran, ethylene glycol di-
methyl ether, anisole and the like; esters such as ethyl
formate, diethyl carbonate, methyl acetate, ethyl ace-
tate, ethyl chloroacetate, butyl acetate and the like;
nitriles such as acetonitrile, butyronitrile and the like;
and sulfolanes such as sulfolane and the like. These
solvents may be used alone or in admixture of two or
more. Furthermore, complex compounds formed from
these organic solvents and Lewis acids may also be used
as the solvent. The amount of the acid or complex com-
pound of acid used is 1 mole or more per mole of the
compound represented by the formula [1I] or its deriva-
tive in the carboxyl group or the salt thereof, and may
be varied depending upon the conditions. It is particu-
larly preferable to use the acid or complex compound of
acid in an amount of 2-10 moles per mole of the latter.
When the complex compound of acid is used, it may per
se be used as a solvent or a mixture of two or more
complex compounds may be used.
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The amount of the aromatic hydrocarbon, nitrile
compound, aromatic heterocyclic compound or triazole
or tetrazole used as a reactant for the above reaction is
1 mole or more per mole of the compound represented

by the formula [II] or its derivative in the carboxyl
group or the salt thereof. It is particularly preferable to
use them in an amount of 1.0-5.0 moles per mole of the

latter.
This reaction is usually carried out at a temperature
of 0°~-80° C., and the reaction time is generally several

minutes to tens of hours. If water exists in the system of

this reaction, there is a fear that undesirable side reac-
tions such as lactonization of the starting compound or
product and cleavage of the B-lactam ring be caused.
Therefore, the reaction system 1is preferably kept in an
anhydrous state. In order to fulfil this requirement, to
the reaction system may be added an appropniate dehy-
drating agent such as a phosphorus compound (for
example, phosphorus pentoxide, polyphosphoric acid,
phosphorus pentachloride, phosphorus trichloride,
phosphorus oxychloride or the like), an organic silylat-
ing agent (for example, N,O-bis(trimethylsilyl)aceta-
mide, trimethylsilylacetamide, trimethylchlorosilane,
dimethyldichlorosilane or the like), an organic acid
chloride (for example, acetyl chloride, p-toluenesulfo-
ny! chloride or the like), an acid anhydride (for exam-
ple, acetic anhydride, trifluoroacetic anhydride or the
like), an inorganic drying agent (for example, anhy-
drous magnesium sulfate, anhydrous calcium chloride,
molecular sieve, calcium carbide or the like), or the like.

If a denvative in the carboxyl group of the compound
of the formula [II] is used as the starting compound in
the above reaction, there can, In some cases, be Ob-
tained, depending on the treatment after the reaction,
the corresponding compound of the formula [I1I] hav-
ing a free carboxyl group at the 4-position of the
cephem ring. However, the corresponding compound
of the formula [III] having a free carboxyl group at the
4-position can also be obtained by effecting the removal
reaction in the conventional manner.

When a compound of the formula [III] in which R!is
a hydrogen atom 1s obtained in this reaction, it can be
esterified or converted to a salt in the conventional
manner. When a compound of the formula [III} in
which Rl is an ester group is obtained, it can be sub-
jected to removal reaction in the conventional manner
to obtain a compound of the formula [III} in which R!
is a hydrogen atom, which can subsequently be con-
verted to a salt or other ester optionally. When a com-
pound of the formula [III] in which R1is a salt-forming
group 1s obtained, it can be subjected to a desalting
reaction in the conventional manner to obtain a com-
pound of the formula [III] in which R! is a hydrogen
atom and further to that in which Rl is an ester group,
optionally.

When the substituent attached to the aromatic hydro-
carbon, nitrile compound, aromatic heterocyclic com-
pound or the carbon atom in the ring of the tnazole or
tetrazole which are reactants of the above reaction is
substituted by hydroxyl, amino, or carboxyl, the desired
compound can be obtained by first protecting these
groups with the aforementioned protecting group be-
fore carrying out the reaction and subjecting it, after
completion of the reaction, to the conventional removal
reaction.

When a compound of the formula [III] in which R2is
a substituted or unsubstituted aryl group or an aromatic
heterocyclic group attached to the exomethylene group
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at the 3-position of the cephem ring through a carbon-
carbon bond is obtained, there may be applied, in addi-
tion to the above-mentioned 3-position conversion reac-
tion, a known method by which a penicillin as the start-
ing material is subjected to the opening of the thiazoli-
dine ring, then to the reaction with 3-R2-prop-2-ynyl
bromide to open the ring and thereafter to a series of
reactions for forming a dihydrothiadine ring (namely
the cephalosporin skeleton) (see Japanese Patent Appli-
cation Kokai (Laid-Open) No. 5,393/75; JM.C., 20,
1082 (1977); ibid., 20, 1086 (1977)).

When a compound of the formula [III] in which B 1s
a hydrogen atom is obtained in the above reaction, it
can be converted to a compound of the formula [III] in
which B is a Jower alkoxy group by loweralkoxylating
the 7a-position of the formula [III} in a manner known
in this field {the Journal of Synthetic Organic Chemis-
try, Japan, Vol. 35, 568-574 (1977)].

(2) The acylating reactions of routes 14 can be car-
ried out all in substantially the same manner. In these
acylating reactions, a compound represented by the
formula [III] or a salt thereof is reacted with a com-
pound represented by the formula [VI], [VII], [IX],
[XII] or [XIII] or a reactive derivative thereof to obtain
a compound represented by the formula [I], [IV], [V],
[VIII] or [X] or a salt thereof.

As the reactive derivatives of the compounds repre-
sented by the formulas [VI], [VII], [IX], [XII] and
[XIII], there may specifically mentioned acid halides,
acid anhydrides, mixed acid anhydndes, active acid
amides, active esters and the reactive derivatives
formed between Vilsmeier reagent and the compound
represented by the formula [VI], [VII], [IX], [XII] or
[XIII]. As said mixed acid anhydride, there may be used
mixed acid anhydrides with monoalkyl carbonates such
as monoethyl carbonate, monoisobutyl carbonate and
the like; and mixed acid anhydrides with lower alkanoic
acids optionally substituted by halogen such as pivalic
acid, trichloroacetic acid and the like. As said active
acid amide, there may be used, for example, N-acylsac-
charin, N-acylimidazole, N-acylbenzoylamide, N,N'-
dicyclohexyl-N-acylurea, N-acylsulfonamide and the
like. As said active ester, there may be used, for exam-
ple, cyanomethyl esters, substituted phenyl esters, sub-
stituted benzyl esters, substituted thienyl esters and the
like.

As said reactive derivative with Vilsmeier reagent,
there may be used the reactive derntvatives with a Vils-
meier reagent obtained by reacting an acid amide such
as dimethylformamide, N,N-dimethylacetamide or the
like with a halogenating agent such as phosgene, thionyl
chloride, phosphorus trichloride, phosphorus tribro-
mide, phosphorus oxychloride, phosphorus oxybro-
mide, phosphorus pentachlonde, trichloromethy! chlo-
roformate, oxalyl chloride and the like.

When the compound of the formula [VI], [VII], [IX],
[XII] or [XIII] is used in the state of a free acid or salt,
an appropriate condensing agent is used. As said con- .
densing agent, there may be used N,N’-disubstituted
carbodiimides such as N,N’'-dicyclohexylcarbodiimide
and the like, azolide compound such as N,N'-thionyl-
diimidazole and the like, dehydrating agents such as
N-ethoxycarbonyl-2-ethoxy-1,2-dihydroxyquinoline,
phosphorus oxychloride, alkoxyacetylene and the like,
2-halogenopyridinium salts such as 2-chloropyridinium
methyl iodide, 2-fluoropyridinium methyl iodide and
the like.
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These acylating reactions are generally carried out in
an appropriate solvent in the presence or absence of a
base. As said solvent, there are often used halogenated
hydrocarbons such as chloroform, methylene dichlo-
ride and the like, ethers such as tetrahydrofuran, diox-
ane and the like, dimethylformamide, dimethylacetam-
tde, acetone, water and mixtures thereof. The base used
herein includes inorganic bases such as alkali hydrox-
ides, alkali hydrogen carbonates, alkali carbonates, al-
kah acetates and the like; tertiary amines such as tri-
methylamine, triethylamine, tributylamine, pyridine,
N-methylpiperidine, N-methylmorpholine, lutidine,
collidine and the like; and secondary amines such as
dicyciohexylamine, diethylamine and the like.

The amount of the compound represented by the
formula [VI1], [VII], [IX], [XII] or [XIII] or its reactive
derivatives used in the acylating reactions of routes 1-4
is usually about 1 mole to several moles per mole of the
compound represented by the formula [III] or its salt.
The reaction is usually carried out at a temperature
ranging from —50° C. to +40° C., and the reaction time
1s usually 10 minutes to 48 hours.

In the acylating reaction of route 3 wherein A 1is
—CH;,—, a compound of the formula [IV] wherein A is
—CH>— or its salt can also be obtained by reacting the
diketene and halogen according to the method of the
Journal of the Chemical Society, 97, 1987 (1910) and
then reacting the reaction product with a compound of
the formula [I1I} or its salt.

When the compound obtained by the acylating reac-
tions of routes 1-4 is a compound of the formula [I],
[IV], [V], [VIII] or [X] wherein R! is a carboxyl-
protecting group, the compound can be converted in a
conventional manner to the corresponding compound
or its salt wherein R! is hydrogen; and when it is a
compound of the formula [I}], {IV], [V], [VIII] or [X]
wherein R! is a hydrogen atom, the compound can be
converted in a conventional manner to the correspond-
ing compound or its salt wherein R! is a carboxyl-
protecting group; and when it is a salt of the formula [I],
[1V], [V], [VII]] or [X], the compound can be converted
in a conventional manner to the corresponding free
compound.

When, in these acylating reactions, there is a group
active to the reaction among the groups R1, R? and R4,
the active group may be protected in any manner with
a conventional protecting group at the time of reaction,
and the protecting group can be removed after the
reaction in a conventional manner. |

The compounds of the formulas [I], [IV], [V], [VII]
and [X] and their salts thus obtained can be isolated by
a conventional method. |

(3) When, in the compound represented by the for-
mula {IV] or its salt obtained by the acylating reaction
of route 3, A 1s —CH)—, it may be subjected to a ni-
troso-forming reaction mentioned hereinafter (and op-
tionally a subsequent alkylating reaction) to convert A
into

—_—C—
|
N

0

OR?

and thereafter to a subsequent ring closure reaction.
The nitroso-forming reaction can be carried out in
the following manner:
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The reaction of a compound represented by the for-
mula [VIII] or its salt with a nitroso-forming agent to
convert it to a compound represented by the formula
[X] or its salt is usually carried out in a solvent. As said
solvent, there may be used solvents which do not ad-
versely affect the reaction such as water, acetic acid,
benzene, methanol, ethanol, tetrahydrofuran and the
like. The preferable examples of the nitroso-forming
agent are nitric acid and its derivatives such as nitrosy!
halides (for example, nitrosyl chloride, nitrosy! bromide
and the like), alkali metal nitrites (for example, sodium
nitrite, potassium nitrite and the like), alkyl nitrites (for
example, butyl nitrite, pentyl nitrite and the like). When
a salt of nitrous acid is used as the nitroso-forming
agent, the reaction is preferably carried out in the pres-
ence of an inorganic or organic acid such as hydrochlo-
ric acid, sulfuric acid, formic acid, acetic acid or the
like. When an ester of nitrous acid is used as the nitroso-
forming agent, it is also possible to carry out the reac-
tion in the presence of a strong base such as an alkali
metal alkoxide. Though the reaction temperature 1s not
critical, 1t is usually preferable to carry out the reaction
with cooling or at room temperature. Salts of the com-
pounds represented by the formula [X] wherein R3is a
hydrogen atom can easily be obtained by a conventional
method. Said salts may be the same as mentioned as to
the salts of the compound of the formula [I]. The thus
obtained compounds of the formula [X] wherein R-is a
hydrogen atom, as well as their salts, can be 1solated and
purified in the well known manner. It is also possible,
however, to use them as the starting compound for the
subsequent reaction without separating them.

(4) After the above-mentioned nitroso-forming reac-
tion, the product is subjected to alkylating reaction in
order to obtain a compound of the formula [X] wherein
R is an alkyl group, and the alkylating reaction can be
carried out according to the usual method. For exam-
ple, it can be completed in several minutes to several
hours in most cases if 1t 1s carried out 1n a solvent with
cooling or in the neighborhood of room temperature.
As the solvent, any solvent may be used so far as it does
not retard this reaction, and the solvents usable include
tetrahydrofuran, dioxane, methanol, ethanol, chloro-
form, methylene dichloride, ethyl acetate, butyl acetate,
N,N-dimethylformamide, N,N-dimethylacetamide,
water and the like and mixtures thereof. |

As the alkylating agent, for example, methyl 10dide,
methyl bromide, ethyl iodide, ethyl bromide, dimethyl
sulfate, diethyl sulfate, diazomethane, diazoethane,
methyl p-toluenesulfonate and the like are used. When
the alkylating agents other than diazomethane and
diazoethane are used, the reaction is generally carried
out in the presence of a base such as an alkali metal
carbonate (for example, sodium carbonate, potassium
carbonate or the like), an alkali metal hydroxide (for
example, sodium hydroxide, potassium hydroxide or the
like), triethylamine, pyridine, dimethylaniline or the
like.

Salts of the compound represented by the formula [X]
wherein RS is an alkyl group can be obtained easily
according to the usual method. Said salts may be the
same as the salts mentioned as to the salts of the com-
pound represented by the formula {I]. The thus obtained
compound of the formula [X] wherein R5 is an alkyl
group and salts thereof can be isolated and purified in
the well known manner. However, it is also possible to
use them as the starting compound for the subsequent
reaction without separating them.
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(5) The compound represented by the formula [IVa]
or its salt 1s obtained by reacting the compound repre-
sented by the formula [X] or its salt with a halogenating
agent in route 2. As the halogenating agent, there may
be used halogens such as chlorine, bromine, 1odine or
the like; sulfuryl halides such as sulfuryl chloride or the
hke; haloimide compounds such as N-bromosuccini-
mide, N-chlorosuccinimide or the like; and halogen-
pynidine complexes such as pyridinium hydrobromide
perbromide or the like. The amount of the halogenating
agent used in usually about 1 to several moles per mole
of the compound represented by the formula [X] or its
salt. Said reaction 1s preferably conducted in the pres-
ence of a Lewis acid such as aluminum chloride, boron
trifluoride, titanium tetrachloride or the like. As the
solvent, any solvent may be used as far as it does not
adversely affect the reaction, and there may be used, for
example, tetrahydrofuran, dioxane, chloroform, methy-
lene chloride, benzene or the like alone or in admixture
of two or more. The reaction may be conducted with
cooling or at an elevated temperature for a period of 10
minutes to 24 hours.

(6) In the oximination reaction of route 4, a com-
pound represented by the formula [V] or its salt is re-
acted with a compound represented by the formula
[XIV] or its salt to obtain a compound of the formula
[Ic] or its salt. The salt of the compound represented by
the formula [XIV] includes the salts at basic group as
mentioned hereinbefore. This reaction i1s usually carried
out in a solvent such as water, an alcohol or the like or
in other solvents which do not adversely affect the
reaction or in a solvent mixture comprising them, and
the reaction is usually carried out at 0° to 100° C., pref-
erably 10° to 50° C. When a salt of the compound of the
formula [XIV] is used in this reaction, the reaction is
preferably carried out in the presence of a base includ-
Ing an inorganic base such as an alkali metal hydroxide
(for example, sodium hydroxide, potassium hydroxide
or the like), an alkaline earth metal hydroxide (for ex-
ample, magnesium hydroxide, calcium hydroxide or the
like), an alkali metal carbonate (for example, sodium
carbonate, potassium carbonate or the like), an alkaline
earth metal carbonate (for example, magnesium carbon-
ate, calcium carbonate or the like), an alkali metal hy-
drogencarbonate (for example, sodium hydrogencar-
bonate, potassium hydrogencarbonate or the like), an
alkaline earth metal phosphate (for example, magnesium
phosphate, calcium phosphate or the like) and an alkali
metal hydrogen phosphate (for example, disodium hy-
drogen phosphate, dipotassium hydrogen phosphate or
the like) and an organic base such as an alkali metal
acetate (for example, sodium acetate, potassium acetate
or the like), a tnalkylamine (for example, trimethyl-
amine, triethylamine or the like), picoline, N-methyl-
pyrrolidine, N-methylmorpholine, 1,5-diazabicy-
clo[4,3,0]-5-nonene, 1,4-diazabicyclo{2,2,2}octane, 1,5-
diazabicyclo(5,4,0]-7-undecene and the like.

(7) The ring closure reactions of routes 2 and 3 can
also be carried out in substantially the same manner.
Thus, a compound represented by the formula [IV]
(including [IVa]) or its salt is reacted with a thioforma-
mide or thiourea represented by the formula [XI] to
obtain a compound represented by the formula [Ia] or
[Ib], respectively, or a salt thereof. This reaction is
usually carried out in a solvent. As the solvent, any
solvent may be used so far as it does not retard this
reaction. Examples of the solvent usable are water,
methanol, ethanol, acetone, tetrahydrofuran, dioxane,
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N,N-dimethylformamide, N,N-dimethylacetamide, N-
methylpyrrolidone and the like, and they are used either
alone or in admixture of two or more. Though the addi-
tion of a de-acidifying agent is not particularly neces-
sary, the addition of de-acidifying agent sometimes
smoothens the progress of reaction so far as it gives no
change to the cephalosporin skeleton. As the de-acidify-
ing agent used for this purpose, there are inorganic and
organic bases such as alkali methal hydroxides, alkali
metal hydrogencarbonates, triethylamine, pyridine,
N,N-dimethylaniline and the like. The reaction is usu-
ally carried out at 0° to 100° C., preferably 10° to 50° C.
Usually, 1 to several equivalents of a thioformamide or
thiourea represented by the formula [XI] is used per
equivalent of the compound of the formula [IV] (includ-
ing [IVa]). The reaction time is generally 1-48 hours,
preferably 1-10 hours. Further, the compounds of the
formulas [Ia] and [Ib] can also be converted to the cor-
responding desired compounds by carrying out the
protection of carboxyl group, its removal or salt forma-
tion according to a conventional method. Further,
when groups R1, R? and R4 have a group active to this
reaction, they can be protected with a conventional
protecting group in any manner at the time of reaction,
and the protecting group can be removed by a conven-
tional method after the reaction. The objective com-
pounds of the formula [Ia] or [Ib] or their salts, thus
obtained, can be isolated by the usual method.

(8) In route 5, a compound represented by the for-
mula [le] or its salt 1s prepared from a compound repre-
sented by the formula [Id] or its salt. For this purpose,
a compound represented by the formula [Id] or its salt is
dissolved or suspended in a solvent inert to the reaction,
such as tetrahydrofuran, dioxane, ethylene glycol di-
ethyl ether, methylene chloride, chloroform, diemthyl-
formamide, N,N-dimethylacetamide, acetonitrile, meth-
anol, ethanol or a mixture thereof.

To the resulting solution or suspension is added a
compound represented by the formula [XV] together
with a lower alcohol. The resulting mixture is subjected
to reaction, and the reaction mixture 1s then reacted
with a halogenating agent. In this reaction, a lower
alcohol 1s used in excess and the amount of the com-
pound [XV] used is preferably 2 to 6 equivalents per
equivalent of the compound [Id} used. The term “in
excess’’ means an amount of more than 1 equivalent per
equivalent of the compound [Id]Jused. The term reac-
tions are carried out at —120° to —10° C., preferably
—100° to —50° C. A reaction time 5 t o 30 minutes is
sufficient and the reaction i1s terminated by acidifying
the reaction system. |

The halogenating agent used in this method is gener-
ally known to be source for supplying a positive halo-
gen atom such as CI+, Brtor I+. Examples of such
halogenating agents include halogens such as chlorine,
bromine and the like; N-haloimides such as N-
chlorosuccinimide, N-bromosuccinimide and the like;
N-haloamides such as N-chloroacetamide, N-
bromoacetamide and the like; N-halosulfonamides such
as N-chorobenzenesulfonamide, N-chloro-p-toluenesul-
fonamide and the like; 1-halobenzotriazoles; 1-halotria-
zines; organic hypohalogenites as tert. -butyl hypochlo-
rite, tert. -butyl hypoiodite and the like; halohydantoins
such as N,N-dibromohydantoin, and the like. Of these
halogenating agents, tert. -butly hypochlorite is pre-
ferred. The halogenating agent is used in an amount
sufficient for supplying a positive halogen in an amount
equivalent to that of the compound [Id].



5,144,027

29

Suitable acids for the termination of reaction are
those which, when added to a cold reaction mixture,
will not cause solidification of the reaction mixture or
freezing of the reaction mixture into a heavy viscous
mixture. Examples of the suitable acids are 989 formic
acid, glacial acetic acid, trichloroacetic acid and meth-
anesulfonic acid.

After the termination of the reaction, the excess halo-
genating agent can be removed by treating with a re-
ducing agent such as trialkyl phosphite, sodium thisoul-
fate, or the like.

When B is a hydrogen atom in the compounds repre-
sented by the formulas [IVa], [VIII] [X] in route 2, the
compound represented by the formula [IV] in route 3
and the compound represented by the formula {V] in
route 4 and their salts, 1t 1s also possible to convert B to
a lower alkoxy group in the same manner as in the
above-mentioned alkoxylating reaction in route 5 and
then to subject the product to the subsequent reaction.

From the reaction routes discussed in detail hereinbe-
fore, it will be clear that there can easily be obtained the
present compounds represented by the formula [I] and
salts thereof, the intermediates which are the com-
pounds represented by the formulas [I1Ib], [IV] and [V]
and their salts, and other novel intermediates.

This invention will be explained below in more detail
referring to Referential Examples, Examples and Prepa-
ration Examples, which are not by way of limitation and
merely by way of illustration.

REFERENTIAL EXAMPLE 1

(1) In 15 ml of anhydrous acetonitrile was suspended
2.72 g of 7-aminocephalosporanic acid (hereinafter,
simply referred to as 7-ACA), and to the resulting sus-
pension was added 5.68 g of boron trifluoridediethyl
ether complex to form a solution, after which the solu-
tion was subjected to reaction at room temperature for
5 hours. After completion of the reaction, the solvent
was removed by distillation under reduced pressure,
~ and the residue obtained was dissolved 1n 20 mi of aque-
ous acetone (containing 50% by volume of water) and
the pH thereof was adjusted to 3.5 with 28% by weight
aqueous ammonia with ice-cooling. The deposited crys-
tals were collected by filtration, washed successively
with 5 ml of aqueous acetone containing 50% by vol-
ume of water and 5 ml of acetone, and then dned, to
obtain 2.14 g (yield 79%) of 7-amino-3-acetamidometh-
yl-A3-cephem-4-carboxylic acid having a melting point
of 155° C. (decomp.). |

IR(KBr) cm—!: vo—g 1795, 1640, 1610, 1520

NMR(CF3COOD) ppm value:

30

S
(2H, s, l ),
5 - ez CHy=—

(2) In 30 ml of methanol was suspended 2.71 g of
7-amino-3-acetamidomethyl-A3-cephem-4-carboxylic
acid obtained in above (1), to which suspension 1.90 g of
p-toluenesulfonic acid monohydrate was added to form
a solution. Then, 4 g of diphenyldiazomethane was
slowly added to the solution at room temperature and
the resulting mixture was subjected to reaction at that
temperature for 30 minutes. After completion of the
reaction, the solvent was removed by distillation under
reduced pressure, and the residue thus obtained was
dissolved in a mixed solvent of 20 ml of water and 20 ml
of ethyl acetate, and the pH of the solution was adjusted
to 7.0 with sodium hydrogencarbonate. The deposited
crystals were collected by filtration, thoroughly
washed with water and dned, to obtain 2.84 g (yield
65%) of diphenylmethyl 7-amino-3-acetamidomethyl-
A3.cephem-4.carboxylate having a melting point of
190°-194" C. (decomp.).

10

20

25 IR(KBr) cm—!: ve—o 1758, 1720, 1647
NMR(CDCIl3) ppm value:
S
10 (2H, ABq, ] = 14 Hz, 3\ ),

CHp—

4.71 (1H, d, J=5 Hz, C¢—H), 4.89 (1H, d, J=5 Hz,
C7;—H), 6.12 (1H, bs, —NHCO—), 6.90

35

(1H CH/)

y 8§ T ,
\
40
7.36

43 (10H, s, X 2).
“ REFERENTIAL EXAMPLE 2

Reaction and treatments were carried out in the same
manner as in Referential Example 1-(1), except that
trifluoroacetic acid was used as the reaction solvent.
Thus, the products shown in Table 4 were obtained.

TABLE 4
S
T
z— N A 9
O CH>NHCOR
COOH
Acid or o Product
acid Melting IR(KBr)
Starting compound complex R? point (*C.) ecm~liveap
Butyronitrile *BF3.Et,0 -—CH>CH>CHj3 168-170 1795, 1635,
(decomp.) 1610, 1520
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' TABLE 4-continued

! 178-183 1800, 1700,

p-Cyanobenzoic acid
(decomp.) 1630, 1530
COOH

2-Cyano-S-methylfuran ; 188-190 1780, 1630,

(decomp.) 1600, 1530
CHj

O

S
T
z— N A 9
O CH;NHCOR
COOH
Acidor Product L
acid Melting IR(KBr)
Starting compound complex R? point ("C.) ecm~Lve—p
2-Methylbutyronitrile " CHj 170-172 1795, 1635,
I (decomp.) 1620, 1530
= CHCH;CH3
3-Ethoxypropionitrile " -—CH>CH»OCH;CH3 173-175 1800, 1640,
(decomp.) 1610, 1530
Acrylonitrile a ~—CH=CH> 165-167 1800, 1650,
(decomp.} 1615, 1525
Cyanoacetic acid ' ~CH>COOH 192-195 1755, 1675,
(decomp.) 1620, 1580
Benzy! cyanide & | ' 185-190 1795, 1635,
(decomp.) 1620, 1520
- CH>
Ethy] cyanoacetate & — CH,COOCH;CH3 185-190 1785, 1730,
(decomp.} 1610, 1530
Chloroacetonitrile ' —CH>Cl 185-190 1790, 1650,
(decomp.) 1610, 1520
2-Cvyanofuran ' 200--204 1780, 1630,
ﬂ (decomp.) 1590, 1510
O
Benzonitrile g 212-214 1793, 1630,
@ (decomp.) 1610, 1520
2-Cyanothiophene i 185190 1765, 1620,
ﬂ (decomp.) 1530
S
p-Tolunitrile " 173~178 1790, 1630,
(decomp.) 1615, 1530
CH;
p-Anisonitrile X 188-193 1790, 1620,
- (decomp.) 1595, 1530
OCH;
p-Hyvdroxybenzonitrile ' 182-184 1793, 1625,
(decomp.}) 1600, 1530
OH
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TABLE 4-continued
S

T

P N
o)l e CH,NHCOR?

COOH
Acid or Product
| acid Melting IR(KBr)
Starting compound compliex R? point ("C.) cm~l:vc_o
2-Cyano-3- " CHj 175-178 1790, 1630,
methylthiophene (decomp.) 1610, 1530
S
2-Methyl-4-cyano-5- ' N 193-195 1790, 1660,
phenyi-1,2,3-tnazole Z \ (decomp.} 1610, 1530
N—CHj;
x /
N
3-Cyanocoumarin ' 197-199 1790, 1710,
= (decomp.) 1640, 1600,
1530
O O

e

3-Cyano-4-methylcoumann 210-212 1790, 1710,

(decomp.) 1640, 1600,

1530
** Acetonitrile Conc. —CH3; 155 1795, 1640,
sulfuric {(decomp.) 1610, 1520
acid
Note:
*BF3.E150 means boron trifluoride-diethyl ether complex (hereinafter the same applies).
**The reaction was carried out in acetonitrile.
REFERENTIAL EXAMPLE 3
Reaction and treatments were carried out in the same
manner as in Referential Example 1-(2) to obtain the 45
compounds shown in Table §.
TABLE 5 | TABLE 5-continued
| Nl —> 50 I Nl N
= . = -
0% 27"~ CH,NHCOR? 0% 27" CH,NHCOR?
COOH COQOH |
H>N S 55 H)N S
z N A 9 z— N A |
O CH;NHCOR O CH,NHCOR?
COOCH 2 60 | COOCH )2
Compound Melting point Compound Melting point
R® (°C.) IR(KBrlem— Y veo o RY (*C.) IRKBr}em—!: veo o

167-169 1755, 1718, 1642 192-195 1755, 1720, 1625

ﬂ (decomp.) 65 ﬂ (decomp.)

O S
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TABLE 5-continued
H,N S |
[ N E
-
0% 2™ CH,NHCOR®
COOH
[ N
\%CHENHCOR‘Q
COOCH
Compound Melting point
R? (°C.) IR(KBr}em—!: vee o
218-220 1755, 1720, 1638
(decomp.)
EXAMPLE 1

(1) In 13 ml of sulfolane was suspended 2.72 g of
7-ACA, and 14.2 g of boron trifluoride-diethyl ether

complex and 1.0 g of 5-methyl-1,2,3,4-tetrazole were

added to the resulting suspension, after which the re-
sulting mixture was subjected to reaction at room tems-
perature for 17 hours. After completion of the reaction,
the reaction mixture was thrown into 15 ml of ice water.
The pH of the mixture was adjusted to 3.5 with 28% by
weight aqueous ammonia with ice-cooling. The depos-
ited crystals were collected by filtration, washed suc-
cessively with § ml of water and 5 ml of acetone and
then dried, to obtain 1.76 g of a mixture of 7-amino-3-[2-
(5-methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-car-
boxylic acid and 7-amino-3-[1-(5-methyl-1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylic acid in the
form of crystals.

(2) In 18 m! of methanol was suspended 1.76 g of the
crystals obtained in above (1), and 1.13 g of p-toluene-
sulfonic acid monohydrate was added to the suspension
to form a solution, after which 4.6 g of diphenyl-
diazomethane was slowly added thereto. The resulting
mixture was subjected to reaction at room temperature
for 15 minutes. After completion of the reaction, the
solution was removed by distillation under reduced
pressure. The residue thus obtained was dissolved in a
mixed solvent of 30 ml of ethyl acetate and 30 ml of
water, and the pH of the resulting solution was adjusted
to 8 with sodium hydrogencarbonate. Then, the organic
layer was separated and dried on anhydrous magnestum
sulfate, and the solvent was removed by distillation
under reduced pressure. The residue thus obtained was
purified by column chromatography (Wako silica gel
C-200; developing solvent, benzene: ethyl acetate=4:1
by volume) to obtain 0.79 g of diphenylmethyl 7-amino-
3-[2-(5-methyl-1,2,3,4-tetrazolyl)-methyl]-A3-cephem-4-
carboxylate having a melting point of 157°-160° C.
(decomp.) and 0.14 g of diphenylmethyl 7-amino-3-[1-
- (5-methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-car-
boxylate having a melting point of 92° C. (decomp.)

Diphenylmethyl 7-amino-3-[2-(5-methyi-1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylate:

IR(KBr) cm—1: ve—g 1770, 1720

20

25

30

35

45

30

55

65

36
NMR(CDCI3) ppm value: 1.75 (2H, bs, —NH3), 2.48

(3H, s, —CH3), 3.20 2H, s, Co—H), 4.70 (1H, d, J=5
Hz, Ce—H), 4.87 (1H, d, J=5 Hz, C7—H), 5.30, 5.72
(2H, ABq, J=16 Hz,

S

)
-~ CHJ_""""

6.92 (1H, s, —CH <), 7.30 (10H, s,

Diphenylmethyl 7-amino-3-[1-(5-methyl-1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylate:

IR(KBr) cm—1: ve—g 1770, 1725

NMR(CDCI3) ppm value: 1.80 (2H, s, —NH3), 2.15

(3H, s, —CH3), 3.30 (2H, s, C»—H), 4.70 (1H, d, J=5
Hz, C¢—H), 4.85 (1H, d, J=5 Hz, C7—H), 5.00, 5.38
S
(2H, ABgq, J=16Hz, 1 ),
-y C};{E-—
6.90 (1H, s, —CH <), 7.30
(10H, s, X 2).

In a mixed solvent of 0.5 ml of anisole and 5 ml of
trifluoroacetic acid was dissolved 0.462 g of diphenyl-
methyl  7-amino-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate, and the resulting solu-
tion was subjected to reaction at room temperature for
1 hour. After completion of the reaction, the solvent
was removed by distillation under reduced pressure,
and 10 ml of water and 10 ml of ethyl acetate were
added to the residue obtained. The pH thereof was
adjusted to 8 with 28% by weight aqueous ammonia
with ice-cooling. Then, the aqueous layer was separated
and the pH thereof was adjusted to 3.5 with 2N hydro-
chloric acid with ice-cooling. The deposited crystals
were collected by filtration, washed successively with 5
m] of water and 5§ ml of acetone, and then dried, to
obtain 0.26 g of 7-amino-3-[2-(5-methyl-1,2,3 4-tet-
razolyl)methyl]-A3-cephem-4-carboxylic acid having a
melting point of 178° C. (decomp.)

IR(KBr) cm—1: vo—g 1790, 1610, 1530

NMR(CFiCOOD) ppm value: 2.70 (3H, s, —-—-CH3)
3.73 (2H, s, C,—H), 5.40 (2H, s, C¢—H, C7—H), 5.80,
6.12

S

(2H, ABq, J=16Hz, :L ).

CHy;™

In the same manner .as above, from 0.462 g of diphe-
nylmethyl  7-amino-3-[1-(5-methyl-1,2,3,4-tetrazolyl)-
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methyl]-ﬁ3-cephem—4-carb0xy]ate was obtained 0.25 g IR(KBr) cm—!: vc—g 1790, 1610, 1530
of 7-amino-3-8 1-(5-methyl-1,2,3,4-tetrazolyl)methyl]- NMR(CF3;COOD) ppm value: 4.00 (2H, bs, C;—H),

A3-cephem-4-carboxylic acid having a melting point of  5.47
195° C. (decomp.).

IR(KBr) cm—1: ve—p 1795, 1615, 1530 | 5 S
NMR(CF3;COOD) ppm value: 2.95 (3H, s, —CH3),
3.90 (2H, bs, C;—H), 5.45 (2H, s, Cs—H, C7—H), 5.57, (4H, bs, Ce—H, C7—H, )
5.92 " CHy,—
S 10 ¢.70
(2H, ABg, J=16Hz, l ).
Z N cHy,— N
T (1H, s, ‘}-—H),
15 N
EXAMPLE 2
9.80 (1H, s,

In 19 ml of trifluoroacetic acid was dissolved 2.72 g
of 7-ACA, and 7.1 g of boron trifluoride-diethyl ether

complex and 0.75 g of 1,2,4-triazole are added to the 20 N
resulting solution. The resulting mixture was subjected ‘>— H).
to reaction at room temperature for 7 hours. After com- N

pletion of the reaction, the solvent was removed by
distillation under reduced pressure, and 15 ml of water

was added to the resulting residue, and the pH of the 55 EXAMPLE 3

resyltmg mixture was gdju_s:,tec_l to 3-5_ with 28% by Using the following tetrazoles, reaction and treat-
}Vﬁlght aqueous ammonia with 1ce-coc_:llng. The depos- ments were carried out in the same manner as in Exam-
ited crystals were collected by filtration, washed suc-  ple 1-(1) or Example 2 to obtain the results shown in

cessively with 5 ml of water and 5 ml of acetone and Table 6. Subsequently, the products of Table 6 were

then dried, to obtain 2.5 g of 7-amino-3-[1-(1,2,4- . esterified and thereafter de-esterified in the same man-
triazolyl)methyl}-A’-cephem-4-carboxylic acid having ner as in Example 1-(2) and (3) to obtain the esters and

a melting point of 149" C. (decomp.). carboxylic acids shown in Table 7.
TABLE 6
Starting compound Reaction conditions _ Crude product .
H;N S .
N N
| 2
/||\ _N o7 N CHR |
R N Reaction  Reaction Reaction
7-ACA H BF3;.Et20 solvent temp. time Yield COOH
(2) R (2) (2) (ml) (CC.) (hr) (8) R2
272 =—CH,COOCH)>CH; 1.72 7.1 CF3COOH Room 7 0.8 N=N
19 temp. /
=N
\
N
CH>COOCH)»CH3
16 " CF3CO0H Room " 0.85 N=N
19 temp. /
—N
\
N
" —H 0.77 " Sulfolane  Room X 1.4* N=N N=N
13 temp. / /
—N , =N
) \=
N — N
o -~ Br 1.65 ' CF3;COOH Room " 2.2

19 temp.
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TABLE 6-continued

Starting compound Reaction conditions R Crude product _
H,N S5
N N .
|
)I\ N 0% N CHR?
R N Reaction Reaction Reaction
7-ACA H BF3.Et20 solvent temp. ‘time Yield COOH
(g) R () (g) (ml) ("C.) (hr) 3, R?
" ~-SCH; 1.3 7.1 CFi;COOH Room " 2.0* N=N Ne= N
19 temp. / /
- N , N
\
N >-": N
SCH3 SCHj
" - NH> 0.94 " CFi:COOH Room X 1.3 N=N
19 temp. /
- N
\
N =
NH>
-~ CH>CHj3 1.08 14.2 ?;lfu]ane 50 ! 1.36* N=N N=N
/ /
we N , ™N
\
. N >-—- N
CH>CH3 CH2CH;
" —COOCH>CHj 1.56 ' Sulfolane " " 2.86% N ==
13 /
mN :
\
N
COOCH,CH;
N=N
/
- N
}-—“‘ N
COOCH,CH3
N -—~NHCOCH; 1.4 7.1 CFi;COOH Room ' 1.0 N == N
19 temp. /
N
\
N
NHCOCH;
Note:

*These were obtained in the form of a mixture of 1-substituted and 2-substituted products. Such crude products were reacted and treated in the same manner as in Example
142) to isolate the esters of the respective 1-substituted and 2-substituted products, The properties of these compounds are shown in Table 7.

65



41
HsN
o [ N
O -

Melting IR(K Br)
point cm— L
(*C.) VC=0
107-110 1770,
(decomp.) 1725
73-75 1770,
(decomp.) 1725
79-83 1770,
(decomp.) 1720

5,144,027

TABLE 7
S
Z CH;R?
COOCH )2
NMR(CDCl3)
ppm value:

1.20(3H, t, —CH,CHs), 1.88(2H,

bs, ~~NH3), 3.14(2H, s, C;—H),

3.85(2H, s, —CH-»CO0O~), 410

(2H, q, —CI;IECHg,), 4.55(1H, 4,

J=5Hz, Cs—H), 4.75(1H, d, J =

SHz, C7—H), 5.27, 5.68(2H, ABq,
S

J=16Hz, l ), 6.90(1H,
-~

C&—
s, —=CH ), 7.23(10H, s,

X 2)

1.80(2H, bs, ==NH>), 3.22(2H, s,
C,—H), 4.65(1H, d, J=5Hz,
Ce—H), 4.85(1H, d, J="5Hz,
Cs—H), 5.35, 5.80(2H, ABaq,

S
J=16Hz, l ), 6.90(1H,
-
CE—
/
s, —CH ), 7.23(15H, s,
X 3)

1.85(2H, s, —NH>), 3.12(2H, s,
Cy~—H), 4.60(1H, d, J=5Hz,
Cg=H), 4.80(1H, d, J=5Hz,
C—H), 5.37, 5.80(2H, ABq,

S

J=16Hz, ), 6.97(1H,
-

CHy—
/

s, —CH - ), 7.30(10H, s,

Melting
point
(C.)

177
(decomp.)

171
(decomp.)

220

(decomp.)

42

H>N S
,,-'[ N _ CHZRZ
O*‘f }

IR(KBr)

VC=0

17935,
1733,
1610,
1535

1790,
1610,
1530

1800,
1610,
1530

COOH

NMR(CF3COOD)
ppm value:

1.35(3H, t, —CH,CH3), 3.67
(2H, bs, Co—H), 4.20(2H, s,
—CH,C00~), 4.35(2H, q,
—CH)CH3), 5.40(2H, s,
C¢—H, C7=H), 5.96(2H, bs,
S

]

CHy—

3.75(2H, s, C;—H), 5.38(2H,
s, C¢=~H, C7—H), 6.02(2H,
S

bs, ), 7.40-7.65
-

CH,—
H
(3H, m, H),
H
7.85-8.10(2H, m,
H
)
H

3.70(2H, bs, Co—H), 5.40(2H,
s, C¢—H, C7—~H), 6.03(2H,
S

bs, l ), 8.80(1H,

CHp—



......RZ
N=N
/
- N
\
N
Br
N=N
/
w— N
- &
Br
N=N
/
- N
\
N
SCH;

43

Hj

Melting

point
(°C.)

75-78
{decomp.)

96-98
(decomp.)

64-68
(decomp.)

N
O

Ir

S
z— N =~ 2
CH»R

IR(KBr)

cm
V=0

1770,
1720

1770,
1720

1770,
1720

5,144,027

TABLE 7-continued

COOCH )2

NMR(CDCl3)
ppm value:

X 2), 8.43(1H, s,

-

N

1.87(2H, s, —NHa), 3.24(2H, s,
Cy—H), 4.68(1H, d, J=5Hz,
Ce¢—H), 4.87(1H, d, J=5Hz,
Co—H), 5.30, 5.77(2H, ABq,

S

)= 16Hz, ), 6.92(1H,
o,

CHy—

/

s, ==CH ), 7.27(10H, s,

O)»

1.85(2H, s, —NH3), 3.20(2H, s,
Co—H), 4.75(1H, d, J=5Hz,
Ce—H), 4.88(1H, d, J=5Hz,
C7—H), 5.03, 5.67(2H, ABq,

)
J=16Hz, j\ ), 6.98
-~
CHy==
(IH, s, —CH ), 7.30(10H, s,
X 2)

1.95(2H, bs, —NH3), 2.58(3H, s,
~~SCH3), 3.18(2H, s, Co—H),
4.60(1H, d, J=5Hz, C¢—H), 4.80
(1H, 4, J=5Hz, Cy~H), 5.25,
5.72(2H, ABq, J=16Hz,

S

j\ ), 6.90(1H, s,

CH—

/

~—CH ), 7.25(10H, s,

X2)

44

H;N S
[ pi
O# N \} CH>R

Melting IR(KBr)
point cm™
("CJ) VC=0
165 1790,
(decomp.) 1610,
1530
195 1794,
(decomp.) 1619,
1530

COOH

NMR(CF3;COOD)
ppm value:

3.60(2H, bs, Ca—H), 5.40(2H,
s, Cg—H, C7—H), 5.94(2H,

2.68(3H, s, =~SCH3), 3.62(2H,
s, Co—H), 5.28(QH, s, Cg~—H,
C7—H), 5.80{2H, s,

S

R

CHy—
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HoN
O

Melting IR(KBr)
point cm— L
("C.) VC=0
158-162 1760,
(decomp.) 1710
115 1770,
(decomp.) 1720
142-143 1775,
(decomp.) 1725

5,144,027

TABLE 7-continued

S
,f[ N

COOCH )2

NMR(CDCl3)
ppm value:

1.75(2H, bs, —NH>), 2.58(3H, s,
~—SCH3), 3.10(2H, s, C:—H),
4.60(1H, d, J=5Hz, Cg—H), 4.80
(1H, d, J=5Hz, C7—H), 4.97,
5.47(2H, ABq, J=16Hz,

S

), 6.93(1H, s,
b

CH;—

/

—-—CH ), 7.25(10H, s,
X 2)

*3.10(2H, bs, —NH»>), 3.43(2H, s,
C»—H), 4.85(1H, d, J=5Hz,
Ce¢=—H), 5.05(1H, d, J=5Hz,
C7—H), 5.30(2H, s,

S

), 6.06(2H, bs,
-

CH;—
N

>— NH,), 6.90(1H, s,

N
/

-—CH ), 7.35(10H, s,
X 2)

1.32(3H, t, =—CH,CH3), 1.75(2H,
bs, —NHj), 2.85(2H, q,
—CH,CH3), 3.17(2H, s, C;—H),
4.67(1H, d, J=5Hz, C¢—H), 4.82
(1H, d, J=5Hz, C;—H), 5.27,
5.70(2H, ABq, J=16Hz,

. |

), 6,93(1H, s,
-l

CHy—

/

—CH ), 7.30(10H, s,

X2)

Melting
point
(C.)

174
(decomp.)

195
(decomp.)

198-202
(decomp.)

IR{KBr)
cm 1:
VC=0

1795,
1610,
1530

17935,
1615,
1530

17935,
1615,
1530

46

H>N S
,...-E N CH;R?
0"" \y)‘

COOH

NMR(CF3;COOD)
ppm value:

2.87(3H, s, —SCH3), 3.63(2H,
s, Co—H), 5.35(2H, s, C¢—H,
Co—H), 5.60(2H, s,

3.75(2H, bs, C;—H), 5.35(2H,
s, Ce—H, C7—H), 5.80(2H,

-1,

CHy—

1.48(3H, t, —CH2CHj), 3.10
(2H, q, —CH,CH3), 3.75Q2H,

s, C;—H), 5.40(2H, 5,C¢—H,
Cy~—H), 5.85, 6.10(2H, ABq,



CH>CHj

™~z
I
7z

e
|

47
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TABLE 7-continued

H)N S
[ N
0% \’/j\CHZRZ

Melting IR(KBr)
point cm— L
"C.) VC=0
8§2-83 1770,
(decomp.}) 1720
165167 1775,
(decomp.) 1735,
1710
140-142 1770,
(decomp.}) 1735,
1720

COOCH )2
Melting
NMR(CDCl3) point
ppm value: *C.)
1.203H, t, —CH>CH3), 1.902H, 193-197
r (decomp.)

bs, = NH3>), 2.50(2H, g,
-—CH;CH3), 3.25(2H, s, C;—H),

4.70(1H, d, J=5Hz, Cg—H), 4.90
(1H d, J=5Hz, C7—H), 5.02, 5.40
(2H, ABq, J=16Hz,

S

]\ ), 6.90(1H, s,

CHa—

/

-CH ), 7.28(10H, s,

X 2)

1.38(3H, t, —CH,CH3), 1.72QQH, 178
s, —NH3), 3.25(2H, bs, Cy~—H), (decomp.)
4.32(2H, q, =—CH;CH3), 4.70(1H,

d, J=3Hz, C¢—H), 4.82(1H, d,
J=35Hz, Cy=—H), 5.40, 5.90(2H,
S

ABq, J=16Hz, ),
- CI_'_Il:q_"'“

6.90(1H, s, —CH ), 7.3{(10H,

/
AN

1.42(3H, t, =CH,CH3), 1.80(2H, 142
s, —NH>), 3.20QH,s, C,—H),  (decomp.)
445(H, g, —CH,CHy), 4.7(1H, '
d, J=5Hz, Ce—H), 4.85(1H, d,
J=5Hz, C7—H), 5.35, 5.90(2H.
S

ABq, J=16Hz, ),
o CH oy

/

6.90(1H, s, —CH ), 7.30(10H,

HsN S
[ N CH»R?
O# - \‘/J»
COOH
IR(KBr)
em— L NMR(CF:CO0OD)
VC=0O ppm value:
1790, 1.57(3H, t, —CH2CH3), 3.30
}g;g’ (2H, q, —CH;CH3), 3.83(2H,
s, Cy=~H), 5.40(2H, s, C¢—H,
Co—H), 5.53, 5.92(2H, ABq,
S
J=16Hz, )
-
CHz—
1300, 1.50(3H, t, =—CH,CH3), 3.55,
}zig 3.90(2H, ABg, J=18Hz,
1530’ Cs=-H), 4.60(2H, q,
— CH;CH3), 5.40(2H, s,
Ce—H, Cs—H), 6.05(2H, bs,
S .
)
o~ CE;_"‘“‘
ggg' 1.50(3H, t, —CH;CHy), 3.70
16]0, (2H, bs, Cy—H), 4.55(2H, q,
1530 —CH,CH3), 5.40(2H, s,
Cs~H), C7~H), 6.02(2H,
S
bs, | )
-

CHyr™
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H>N

Melting

-R2 (°C.)

IR(KBr)
point cm— L
VC=0

5,144,027

TABLE 7-continued

HsN

S S
..al—_— N ,[ N CH;R?
0.--'" W/J\CHZR: O.r" \2‘

COOCH )2

Melting

NMR(CDCl3) point
ppm value: (°C.)

IR(KBr)
cm— 1:

VC=0

S0

COOH

NMR(CF3;COOD)
ppm value:

106-108 1770,
/ (decomp.) 1720,
=N 1700

N=N 147-150 1770,
/ (decomp.) 1720

Note:
*Solvent for measurement, dg-DMSQO

1.95(2H, bs, —NH3), 2.20(3H, s, 179 1790,
—COCH3), 3.20Q2H, bs, C;—H), (decomp.) 1650,
4.67(1H, d, J=5Hz, Cg~H), 4.82 1610,
(1H, d, J=5Hz, C;—H), 5.32, 1530
5.68(2H, ABq, J=16Hz,

S

- ), 6.90(1H, s,
. C}ﬁ—

/

—CH ), 7.25(10H, s,

X 2), 9.75(1H, bs,

N

NH)

/

*3.302H, bs, —NH»), 3.47QH, — —
bs, Ca—H), 4.87(1H, d, J=5Hz,

Ce¢—H), 5.04(1H, d, J=5Hz,

C7—H), 5.35(2H, bs,

S

), 6.91(1H, s,
-~ C}_i_g""

AN

CH=—), 7.34(10H, s,

/

X 2), 9.22(1H, s,

-

2.42(3H, s, —CH3), 3.70(2H,
s, Cy—H), 5.40(2H, s, C¢—H,
Co=—H), 5.94(2H, bs,

S

Loy
ZA—CHy—

EXAMPLE 4 8. The carboxylic acids were esterified in the same man-

Using the following triazoles, reaction and treatments ner as in Example 1-(2) to obtain the compounds shown

were carried out in the same manner as in Example 1-(1) 60 in Table 9. (2.72 g of 7-ACA was used as the starting
or Example 2 to obtain the compounds shown in Table material.)
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Starting
triazole

(8)

3-Methyl-
1,2,4-
triazole
0.91

3-Chloro-
1,2,4-
triazole
1.14

3-Acetamido-
1,2,4-

triazole

2.52

3-Ethoxy-
carbonyl-
1,2.4-
triazole
1.55

3-Methyl-
thio-1,2,4-
triazole
1.3

4,5-Dimethoxy-
carbonyl-

1,2,3-

triazole

1.94

51
Compound
R4
N O N
Y A
N N
O
N Cl
N N

<O L

N N

0L,

N N

O L

N SCH3

N
—
-N"T N

/ COOCH;

COOCH;

NHCOCHj

COOCHCH3

5,144,027

TABLE &
H->N S
.-’[: N CH,R?
o~ \")V
COOH
Melting IR(K.Br)
(8 point °C) cem~lvepo
2.39 195 1790,
(decomp.) 1610,
1530
1.25 191 1790,
(decomp.} 1610,
1530
2.6 1530-155 1795,
(decomp.) 1680,
’ 1610,
1540
2.3 176 17935,
(decomp.) 1720,
1610,
1530
3.4 147 1770,
(decomp.) 1605,
1530
2.0 161 1795,
(decomp.) 1725,
1610,
1530

52

*CF3;COOD

N
MR(“CF;,COOD + D0

Yppm value

**2 60(3H, s, —CH3), 3.93QH, s,
Co—H), 5.30(2H, s, Ce—H, C7—H),
5.10, 5.75(2H, ABq, J=16Hz,

S

N
l ), 9.45(1H, s, ;}"H)
z N

CHy~

*3.75(2H, s, Cy—H), 5.40(2H, s,
C¢—H, Ca~-H), 5.47, 5.80(2H,
S

ABq, I=16Hz, ),
| o~

CH>—
N
8.50(1H, s, ,>—E
N

w—

*2.43(3H, 5, = CH3), 3.19(2H, s,
Cr=—H), 5.35(2H, s, C¢~H, Cy~H),
S

5.30-5.95(2H, m, j\ ),
-

CHy—
N
9.45(1H, s, >— H)
N

**1.50(3H, t, - CHCH3), 3.72(2H,
bs, Cy~H), 4.65(2H, q, —CHCH3),

5.35(2H, s, C¢—H, C7—H), 5.95
S

(2H, bs, l ), 8.65(1H, s,
F

CHy~
N —

-

N

*2.75(3H, s, SCH3), 4.00(2H, s,
Cy=—H), 5.40(2H, s, C¢g—H, Cy—H),
5.23, 5.85(2H, ABq, J=16Hz,

S N
), 9.55(1H, s, ,}—_Ii)
e H

)}

CH-

*3.55(2H, bs, Co—H), 4.10(6H,
s, =~CH>s x 2), 5.35(2H, s,
5

l ), 5.90(2H, s, Cg~—H,
f

CHy—
Cy—-—H) —
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TABLE 8-continued

H>N S
f'[ N CH,R?
0% \%\L -

COOH
Starting - E:COOD
triazole Compound Melting IR(KBr) R *CF3 Al
®) R2 @ point (C) cm—Lve—o “MRGucE,cOOD + D,0’PPM VAlE
4.Cyano-5- P N\ 1.3 204 2220, *3.75(2H, s, C9=—H), 5.35(2H, s,
phenyl-1,2,3- N N (decomp.) (vew) C¢—H, C7—H), 5.85(2H, bs,
triazole O 1750, S
1.9 1610,
1530 ), 7.40-7.70(3H, m,
CN - CHz"""
' T H
H), 7.80-8.10(2H, m,
H
s,
)
H
TABLE 9
S S
“TT ) —"TT
z— N A 2 z N A 2
O CH3R O CH;R
| COOH
COOCH )2
Melting IR(KBr)
-—R2 point (°C.) em~livce—) NMR(CDCIl3) ppm value:
N 6165 1775, 2.00(2H, s, =~ NH3), 3.43(2H, s, C;—H), 4.70(1H,
/ (decomp.) 1720 d, J=5Hz, Cc—H), 4.88(1H, d, J=5Hz, C;—H), 5.00
\— /
= N (2H, s, ), 6.95(1H, s, ==CH ), 7.30(10H,
- N
CH>—
N
5, x 2), 7.85(1H, s, >—E 8.07(1H, s,
N
N
-
N
N N 79-82 1770, 1.82(2H, bs, —NH>), 3.10(2H, s, C;—H), 4.55(1H,
O /k (decomp.) 1720 d, J=5Hz, C¢—H), 4.72(1H, d, J=5Hz, C1—H), 4.70,
S
| N Cl

5.33(2H, ABq, J=16Hz, l ), 6.93(1H, bs,
%
CH,—
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TABLE 9-continued

S S
STT ) —>MTT
2 N r N
0% 2" CH,R? 0~ 2™ CH,R2

COOH
COOCH )
Melting IR(KBr)
—R?2 point (°C.) cm—1: ve—) NMR(CDCI3) ppm value:
yd
- CH ), 7.30(10H, s, x 2), 7.70{1H, s,
N\
N
-
N
N * 96-101 1776, 2.33(2H, bs, —NH>), 2.78, 3.21(2H, ABg, J=18Hz,
N N (decomp.) 1720 Cy=—H), 4.71(1H, d, J=5Hz, C¢—H), 4.90(1H, d,
/;9/ J=5Hz, C7—H), 5.32, 5.92(2H, ABg, J=16Hz,
S
COOCH ) /
), 6.86(2H, s, —CH  x 2), 7.20(20H, s,
~ AN
CHy™
N
x 4), 8.11(1H, s, ,>—@
N
N N 90 1770, 2.32(3H, s, —CH3), 3.42(2H, s, C;—H), 4.70(1H,
_1: O /'\ (decomp.) 1720 d, J=5Hz, C¢—H), 4.85(1H, d, J=5Hz, C7—H),
S
N CH; .
| 4.90(2H, s, ), 6.90(1H,s, CH-),
~ /
CHyw
N
7.30(10H, s, x 2}, 7.85(1H, s, ,>-—__H_)
N
N N | 167-168 i?g’ 1.35(3H, t, —CH,CH3), 2.97, 3.30(2H, ABgq,
1 O P 2 J=18Hz, C;—H), 4.30(2H, q, —CH,CH3), 4.60(1H,
N COOCH,CH; d, J=5Hz, C¢g~—H), 4.80(1H, dg: J=5§Hz, Cs—H),
5.30, 5.80(2H, ABg, J=16Hz, l ), 6.93
o
CHp=~
N\
(1H,s, CH-), 7.30(10H, s, x 2), 7.88(1H,
/
N
s, ,}—@
N
N N 80-84 1770, 1.90(2H, bs, =~NH3), 2.5(3H, s, =~SCH3),
O 1 (decomp.) 1720 3.40(2H, s, C;=—H), 4.65(1H, d, J=5Hz, Cg—H),
E /l\ 4.80(1H, d, J=5Hz, C7—H), 4.85(2H, s,
N SCH3 S

N
), 6.95(1H, s, CH—), 7.27(10H, s,
z /

CHy~
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TABLE 9-continued

S S
T — T
v N . N
0~ Z CH;R2 o il A CH;R2

COOH
COOCH )2
Melting IR(KBr)
—R? point (°C.) cm~lve—y NMR(CDCI3) ppm value:

N
x 2), 7.90(1H, s, %@
N

Note:

*This compound was obtained by subjecting 4-carboxy-1,2,3-triazole as the starting compound to reaction and treatment in the same manner as in
Example 1-(1) and (2).

EXAMPLE 5 EXAMPLE 6
The same reaction as in Example 1 was carried out The same reaction as in Example 2 was carnied out
under the conditions shown in Table 10 to obtain the under the conditions shown in Table 11 to obtain the
results shown in Table 10. results shown in Table 11.
TABLE 10
Starting - REﬂCtiGI_l_l_':DndiﬁDIlS L
compound Acid or Esterification of
5-Methyl- acid Reaction Reaction Reaction Crude  crude product®?
7-ACA  tetrazole complex  solvent temp. time product  Ester of (2)*! (g)
() (g) () (ml) (*C.) (hr) (2) Ester of (b)*< (g)
2.72 1.0 BF3.EnO  Sulfolane 50 4 1.9%3 0.3/0.7
7.1 13 ’
" ' BF3.Et;0  FEthyl acetate Room 20 2.1%3 0.95/0.15
- 14.2 27 temp.
: ’ BFi.EtsQ  Nitromethane  Room 20 ].5%3 0.63/0.1
14.2 27 temp.
& 0.92 BF3;.Et0  Trifluoroace-  Room 7 1.5%3 0.71/0.05
7.1 tic acid temnp.
19
: 1.0 Conc. H3SO4  Acetic acid 60 4 0.4*3 0.1/0.03
' 2.5 27
2.72 1.26 BF; Ethyl chloro- Room 16 1.44%4 —
3.39 acetate temp.
15
. 2.52 BF; Ethyl chioro- Room 16 1.28%4 —
6.78 acetate temp.
30

Note:

*l(a): 7-Aminu-3-[2-(5-methyl-1,2,3,4-tctrazn]yl)rnethyl]-ﬁ-ceph:m—ét—carbaxylic acid

*2(b): ?-Aminn—S-{]-(S-mﬁthyl-1,2,3,4—-1:traznlyl)mcthyl]-ﬁ3-c:ephcm—4—carboxylic acid

*3The crude product was a mixture of (a) and (b).

**The crude product was composed only of (a).

*>The crude product obtained by the reaction was subjected to reaction and treatment in the same manner as in Example 142) to
obtain the benzhydryl ester of each of (a) and (b).

TABLE 11
Starting
___compound __Reaction conditions _ __ Product
1,2,4- Acid or acid Reaction Reaction Reaction Melting
7-ACA Tnazole complex solvent temp. time Yield point
@ @ (8) (ml) (‘C) ()  Nameof compound  (g) (°C.)
2.72 0.75 BF3.Et7O CH3;CN Room 7 7-Amino-3-f1-(1,2,4- 2.02 149
7.1 20 temp. triazolymethyl]- (decomp.)
A3-cephem-4-carboxy-
lic acid
' ' BF3.Eto0 CHCLHLCOOH Room ' 7-Amino-3-f1-(1,2,4- 2.0 149
7.1 8 temp. triazolylmethyl]- (decomp.)
A3-cephem-4-carboxy-
lic acid
' ' Conc. HoSO4 CHCLHCOOH Room " 7-Amino-3-[1-(1,2,4- 0.34 149
3 8 temp. triazolyl)methyl]- (decomp.)
A3-cephem-4-carboxy-
lic acid

' ' CH3SO3H CF3;COOH Room " 7-Amino-3-[1-(1,2,4- 1.31 145
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TABLE 11-continued
Starting
____compound Reaction conditions _ ____Product _
1,2,4- Acid or acid Reaction Reaction Reaction Melting
7-ACA Tnazole complex solvent temp. time Yield point
(g) (2) (8) (ml) "C) (hr) Name of compound (2) ("C.)
9.6 19 temp. triazolyl)methyl]- (decomp.)
A’-cephem-4-carboxy-
lic acid
FSO3;H CH3;COOH Room 24 7-Amino-3-[1-(1,2,4- 1.12 149
8 25 temp. triazolyl)methyl]- (decomp.)
A3-cephem-4-carboxy-
lic acid
' ! CF3;S803H CH3;COQOH Room ' 7-Amino-3-[1-(1,2,4- 1.05 149
12 25 temp. triazolyl)methyl]- (decomp.)
A3-cephem-4-carboxy-
lic acid
*2.88 0.76 BF3.Et;O CF3COOH Room 7 7-Amino-3-[1-(1,2,4- 1.77 145
7.1 23 temp. triazolyl)methyl]- (decomp.)
A3-cephem-4-carboxy-
lic acid

Note:

"?-Aminu-}-lc:tﬂxym:thyl-—ﬁ3~c:ph:m-4-cnrbox}’1ic acid-l-oxide was used as the starting material.

EXAMPLE 7

The same reaction and treatment as in Example 2
were repeated, except that 7-ACA was replaced by the
starting compounds shown in Table 12, to obtain the
products shown in Table 12.

TABLE 12
Melting IR (KBr)
point cm— 1

Starting compound  Product °C.) VO O
p-Nitrobenzyl 7- p-Nitrobenzyl 7- 114-116 1770,
amino-3-acetoxy- amino-3-[1- (decomp.) 1708
mcthy]-&-”-cephem-— (1,2,4-triazo-
4-carboxylate lyDmethyl}-A3-

cephem-4-

carboxylate
Ethy] 7-amino-3- Ethyl 7-amino-3- 68-72 1770,
acetoxvmethyl-A3-  [1-(1,2,4-tria- (decomp.) 1720
cephem-4-carboxy-  zolylimethyl]-
late A3-cephem-4-

carboxylate
Diphenylmethyl 7-  7-Amino-3-{1- 149 1790,
amino-3-acetoxy- (1,2,4-tria- (decomp.) 1610,
methyl-A3-cephem-  zolyl)methy!]- 1530
4-carboxylate A3.cephem-4-

carboxylic acid

EXAMPLE 8

(1) In 40 ml of anhydrous methylene chloride was
dissolved 2.72 g of 2-(2-tert.-amyloxycarboxamido-
thiazol-4-yl)-acetic acid, and 1.06 g of N-methylmor-
pholine was added to the solution, after which the reac-
tion mixture was cooled to —35° C. Then, 1.12 g of
ethyl chlorocarbonate was added thereto and reaction
was effected at —35° C. to —25° C. for 1.5 hours. To
the reaction mixture was added 4.62 g of diphenyl-
methyl  7-amino-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate, and the reaction was
effected at —30° C. to —20° C. for 1 hour and then at
—10° C. to 4 10° C. for 1 hour. After completion of the
reaction, the solvent was removed by distillation under
reduced pressure. The residue thus obtained was dis-
solved 1n a mixture of 40 ml of ethyl acetate and 30 ml
of water. The organic layer was separated, again mixed
with 30 ml of water and adjusted to a pH of 1.5 with 2N
hydrochloric acid with ice-cooling. The organic layer
was separated, mixed with 30 ml of water and adjusted
to a pH of 7.0 with sodium hydrogencarbonate with

25

30

35

45

30

55

60

65

ice-cooling. The organic layer was separated and dried
on anhydrous magnesium sulfate, after which the sol-
vent was removed by distillation under reduced pres-
sure. Diethyl] ether was added to the residue, and the
resulting crystals were collected by filtration. They
were thoroughly washed with diethyl ether and dried
to obtain 6.52 g (yield 91.1%) of diphenylmethyl 7-[2-
(2-tert.-amyloxycarboxamidothiazol-4-ylacetamido]-3-
[2-(5-methyl-1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-
carboxylate having a melting point of 103°-105" C.
(decomp.)

IR (KBr) cm—!: veep 1780, 1720, 1675

NMR (CDCl3) ppm value: 0.90

|
(3H, t, J=7Hz, CH3CH;—C—),

1.48
=
(6H, s, —(I:""*O'—'),
CH3
1.92
' |
(2ZH, q, J=THz, CH3CH2“‘CI3-),
2.44
N
(3H, s, >—CH3).
N

3.08 (2H, bs, C;—H), 3.62

N CHz~),

(2H, s,
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61 .
4.85 (1H, d, J=5 Hz, Ce—H), 5.50-5.90

S

(3H, m, ,
~ CHy—

C7;—H), 6.53

N
(1H, s, u 3

s” "B

6.88 (1H, s, >CH—), 7.25

(10H, s, X 2).

In 30 ml of anhydrous benzene was suspended 2.72 g
of 2-(2-tert.-amyloxycarboxamidothiazol-4-yl)-acetic
acid, and 2.54 g of oxazolyl chloride was added to the
suspension with ice-cooling, after which the resulting
mixture was subjected to reaction at the same tempera-
ture for one hour. After completion of the reaction, the
solvent was removed by distillation under reduced pres-
sure, and the resulting residue was dissolved in 5 ml of
anhydrous methylene chloride. The resulting solution
was dropped into a solution of 4.62 g of diphenylmethyl
7-amino-3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-A3-
cephem-4-carboxylate and 1.21 g of dimethylaniline 1n
40 ml of anhydrous methylene chloride at —30° to
—45° C. After completion of the dropping, the resulting
mixture was subjected to reaction at —40° C. for 30
minutes, at —20° C. to —10° C. for 30 minutes, and then
at 0° C. for 30 minutes. After completion of the reac-
tion, the solvent was removed by distillation under
reduced pressure, and the resulting residue was dis-
solved in 40 m! of ethyl acetate and 30 ml of water, after
which the organic layer was separated. To the organic
layer was added again 30 ml of water, and the pH of the
resulting mixture was adjusted to 1.5 with 2N hydro-
chloric acid with ice-cooling. The organic layer was
subsequently separated, and 30 ml of water was added
thereto, after which the pH of the resulting mixture was
adjusted to 7.0 with sodium hydrogencarbonate with
ice-cooling. The organic layer was separated, and dried
on anhydrous magnesium sulfate, after which the sol-
vent was removed by distillation under reduced pres-
sure. Diethyl ether was added to the resulting residue,
and the crystals precipitated were collected by filtra-
tion, thoroughly washed with diethyl ether and then
dried, to obtain 6.69 g (yield 93.5%) of diphenylmethyl
7-[2-(2-tert.-amyloxycarboxamidothiazol-4-
yDacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyi}-
A3-cephem-4-carboxylate having a melting point of
103°-105° C. (decomp.). -

The physical properties (IR and NMR) of this com-
pound were identical with those of the compound ob-
tained above.

(2) In a2 mixed solvent of 32 ml of trifluoroacetic acid
and 10 ml of anisole was dissolved 6.52 g of diphenyl-
methy! 7-[2-(2-tert.-amyloxycarboxamidothiazol-4-
yl)acetamide]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-
A3-cephem-4-carboxylate obtained in above (1). The
solution was subjected to reaction at room temperature

10

15

20

25

30

335

45

30

55

60

65
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for 2 hours. After completion of the reaction, the sol-
vent was removed by distillation under reduced pres-
sure. Diethyl ether was added to the residue, and the
resulting crystals were collected by filtration, washed
thoroughly with diethyl ether and dried, to obtain 4.61
g (vyield 92.1%) of trifluoroacetic acid salt of 7-[2-(2-
aminothiazol-4-yl)acetamido]-3-[2-(5-methyl-1,2,3,4-
tetrazolyl)methyl]-A3-cephem-4-carboxylic acid having
a melting point of 184°~187° C. (decomp.).

IR(KBr) cm—1: ve—o 1765, 1655, 1630

NMR(d¢-DMSO) ppm value: 2.43

(3H, s, NT CI_‘_I_B,).
| N

3.45

| N CHy—
(4H, bs, C2—H, !I ),

S

5.08 (1H, d, J=4 Hz, C¢—H), 5.50-5.90

S

(3H, m, y
2= CHy—

Cs—H), 6.37

N
(1H, s, II )s

s” "H

8.96 (1H, d, J=8 Hz, —CONH—).

In the same manner as above, the following com-
pound was obtained:

Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-4-
yl)acetamido]-3-acetamidomethyl-A3-cephem-4-car-
boxylic acid

Melting point: 153°-154° C. (decomp.)

(3) In 50 ml of water was suspended 5.5 g of trifluoro-
acetic acid salt of 7-[2-(2-aminothiazol-4-yl)acetamido}-
3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-
carboxylic acid, and 20 ml of IN aqueous solution of
sodium hydroxide was slowly added to the suspension
with ice-cooling. The reaction mixture was purified by
a column chromatography with Amberlite XAD-2 (elu-
ent: water) and the eluate was evaporated to dryness, to
obtain 4.1 g (vield 88.4%) of sodium 7-[2-(2-amino-
thiazol-4-yl)acetamido]-3-[{2-(5-methyl-1,2,3,4-tet-
razolyl)methyl}-A3-cephem-4-carboxylate having a
melting point of 182°-187" C. (decomp.).

IR(KBr) em—1: ve—o 1760, 1660, 1610

NMR({(de-DMSO) ppm value: 2.41 (3H, s, —CH3),
3.40 (2H, bs, C;—H), 3.62

N CHy—

2H, s, ,
(sS )

4.93 (1H, d, J=5 Hz, Ce—H), 5.25-6.02
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S

(3H, m, Cs—H, )
- CH:"" 5

6.09

10

III! S!' : : '
( )

S

8.80 (1H, d, J=8 Hz, —CONH-—).

In the same manner as above, the following com- (s
pound was obtained.

Sodium 7-{2-(2-aminothiazol-4-yl)acetamidoj-3-
acetamidomethyl-A3-cephem-4-carboxylate

Melting point: 155°-158° C. (decomp.)

IR(KBr) cm—!: ve—p 1755, 1680-1590 5

NMR(D;0) ppm value: 1.98 (3H, s, —COCH3), 3.16,
3.56 (2H, ABg, J=16 Hz, C;—H), 3.52

N—r—CH—
T 25

(2H, s, < ),

3.84, 4.15

S

(ZH, ABq, .I — 14HZ; )1
~ CHy— .

5.02 (1H, d, J=5 Hz, C¢—H), 5.57 (1H, d, J=5 Hz, 35

C7—H), 6.40
N
(IH, s, I ).
H

S :

EXAMPLE 9

(1) In 30 ml of anhydrous methylene chloride was
dissolved 2.72 g of 2-(2-tert.-amyloxycarboxamido-
thiazol-4-yl)-acetic acid, and 1.06 g of N-methylmor-
pholine was added thereto, after which the reaction
mixture was cooled to —35° C. Then, 1.12 g of ethyl
chlorocarbonate was added and the reaction was ef-
fected at —35° C. to —25° C. for 1.5 hours, after which
the reaction mixture was cooled to —40° C. On the
other hand, 2.96 g of 7-amino-3-[2-(5-methyl-1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylic acid was sus-
pended in 30 ml of anhydrous methylene chloride, and
6.1 g of N,O-bis(trimethylsilyl)acetamide was added to
the suspension with ice-cooling, after which the result-
Ing mixture was subjected to reaction at 5°-10° C. for 40
minutes unti] it became a homogeneous solution. The
solution was dropped into the reaction mixture pre-
pared above while keeping the temperature at —40° C.
to —30° C. After the dropping, the mixture was sub-
jected to reaction at —30° C. to —20° C. for 1 hour and
then at —10° C. to 4+10° C. for 1 hour. After comple-
tion of the reaction, the solvent was removed by distilla-
tion under reduced pressure, 40 ml of ethyl acetate and
40 mi of water were added to the residue to dissolve the
latter, and the pH thereof was adjusted to 7.5 with

45
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sodium hydrogencarbonate with ice-cooling. The aque-
ous layer was separated, mixed with 40 ml of ethyl
acetate and adjusted to a pH of 2.0 with 2N hydrochlo-
ric acid with ice-cooling. Then, the organic layer was
separated, washed with 30 m] of water and dried on

anhydrous magnesium sulfate, after which the solvent
was removed by distillation under reduced pressure, to

obtain 5.07 g (yield 92.2%) of 7-[2-(2-tert.-amyloxycar-
boxamidothiazol-4-yl)acetamido}-3-[2-(5-methyl-
1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-carboxylic acid
having a melting point of 138°-142° C. (decomp.).
IR(KBr) cm—1: veep 1775, 1720, 1675
NMR (de-DMSO) ppm value: 0.88

|
(3H, t, J = THz, CH3;CHy—C—),

0 1.40
CH;
(6H, s, --cI:—-J,
CH;
1.79
(2H, q, } = THz, CH3CH;—C—),
2.45

N CH3
GHs L )

3.46 (2H, bs, C;—H), 3.54

N CHy™

(2H, s, S ),

5.08 (1H, d, J=5 Hz, C¢—H), 5.61

S

(2H, s, )
zr— CHy—

5.77 (1H, d, J=5 Hz, C7—H), 6.76

IIII s'.l : : L
( )

S

8.75 (1H, d, J=8 Hz, —CONH-—).

(2) In a mixed solvent of 25 ml of trifluoroacetic acid
and 8 ml of anisole was dissolved 5.07 g of the 7-[2-(2-
tert.-amyloxycarboxamidothiazol-4-yl)-acetamido]-3-
[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-
carboxylic acid obtained in above (1). The resulting
solution was subjected to reaction at room temperature
for 30 minutes. After completion of the reaction, the
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solvent was removed by distillation under reduced pres-
sure, and diethyl ether was added to the residue, after
which the resulting crystals were collected by filtration,
thoroughly washed with diethyl ether and drnied to

obtain 4.72 g (yield 93.1%) of trifluoroacetic acid salt of 5

7-]2-(2-aminothiazol-4-yl)-acetamido]-3-[2-(5-methyl-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylic acid
having a melting point of 184°-187° C. (decomp.).

The physical properties (IR and NMR) of this com-
pound were identical with those of the product ob-
tained in Example 8-(2).

EXAMPLE 10

(1) A solution of 0.46 g of chlorine in 5 ml of anhy-
drous carbon tetrachloride was dropped at —30° C. into
a solution of 0.55 g of diketene in 10 ml of anhydrous
methylene chloride, and the resulting mixture was sub-
jected to reaction at —30° C. to —20° C. for 30 minutes
to obtain a solution of acid chloride. On the other hand,
2.12 g of N,O-bis(trimethylsilyl)acetamide was added to
a suspension of 1.48 g of 7-amino-3-{2-(5-methyl-1,2,3,4-
tetrazolyl)methyl}-A3-cephem-4-carboxylic acid in 20
ml of anhydrous methylene chloride with ice-cooling,
and the reaction was effected at room temperature for 1
hour, after which the reaction mixture was cooled to
—40° C. Then, the acid chloride solution prepared
above was dropped thereinto at that temperature. After
completion of the dropping, the temperature was
slowly elevated and the reaction was effected at 0°-5°
C. for 1 hour. After completion of the reaction, the
solvent was removed by distillation under reduced pres-
sure, and the residue was dissolved in 30 ml of ethyl
acetate and 20 ml of water, after which the organic
layer was separated, washed successively with 20 ml of
water and 20 ml of saturated aqueous solution of sodium
chloride, and dried on anhydrous magnesium sulfate.
The solvent was removed by distillation under reduced
pressure. Diethyl ether was added to the residue and the
resulting crystals were collected by filtration, thor-
oughly washed with diethyl ether and dried, to obtain
1.85 g (vield 89.4%) of 7-(4-chloro-3-oxobutyramido)-3-
[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-
carboxylic acid having a melting point of 98°-101° C.
(decomp.). .

IR(KBr) cm—!: ve—p 1778, 1725, 1668

NMR(d¢-DMSO) ppm value: 2.44 (3H, s, —CH}3),
3.42 (2H, bs, C,—H), 3.56 (2H, s, —COCH;,CO—), 4.52
(2H, s, —CICH,;—), 5.08 (1H, d, J=35 Hz, Cs—H),
5.31-5.89

S

(3H, m, )
-~ CH>—

C—H), 8.99 (1H, d, J=8 Hz, —CONH—).

(2) In 5 ml of N,N-dimethylformamide were dis-
solved 0.82 g of the 7-(4-chloro-3-oxobutyramido)-3-[2-
(5-methyl-1,2,3,4-tetrazolyl)methyl]l-A3-cephem-4-car-
boxylic acid obtained in above (1) and 0.167 g of thio-
urea, and the solution was subjected to reaction at room
temperature for 2 hours. After completion of the reac-
tion, the reaction mixture was thrown into 5 ml of wa-
ter, and the pH was adjusted to 5.0 with sodium hydro-
-gencarbonate with ice-cooling. The resulting precipi-
tate was collected by filtration, washed successively

with water, acetone and diethyl ether and dnied to ob-
tain 0.77 g (vield 88.3%) of 7-{2-(2-aminothiazo]-4-
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yl)acetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-
A3-cephem-4-carboxylic acid having a melting point of
203°-208° C. (decomp.).

IR(KBr) cm—1: ve—p 1760, 1650, 1625
NMR(d¢-DMSO) ppm value: 2.34 (3H, s, —CH3),
3.40 (4H, bs, C,—H),

N CHy—
]_ =)

S

4.92 (1H, d, J=5 Hz, Ce—H), 5.18-5.80

S

(3H1 in, C‘?“H: )!
o~ CHy—

6.10 1H, s,

T

s” "H

8.68 (1H, d, J=8 Hz, —CONH—).

By reacting thioformamide in place of thiourea in the
above procedure, the following compound was ob-
tained:

7-[2-(thiazol-4-yl)acetamido]-3-[2-(5-methyl-1,2,3,4-
tetrazolyl)methyl]-A3-cephem-4-carboxylic acid

Melting point: 140°-142° C. (decomp.).

IR(KBr) cm—!: ve—=0 1775, 1720, 1660

NMR(ds-DMSO) ppm value: 2.44 (3H, s, —CH3),
3.44 (2H, bs, C,—H), 3.79

N CH;—

(ZHr 5, S )r

5.06 (1H, d, J=5 Hz, Ce—H), 5.60

S

(2H, bs, | ),
z —CHy—

5.6-5.8 (1H, m, C7—H), 7.45

N
(1H, d, J = 2Hz, ]: ),

S H
0.08
N
(1H, d, J = 2Hz, H={ ),
S

9.00-9.25 (1H, m, —CONH—)

EXAMPLE 11

By subjecting the starting compounds shown in Table
13 to the same reaction as in Example 8, 9 or 10, the
corresponding compounds shown in Table 13 were
obtained.
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q N ;
CH,CONH
Trnfluoroacetic acid.HgN—< I
= N
S o ZZ

Melting IR(KBr)
point cm— L
C) VC=0
115 1780,
(decomp.) 1670,
1630
152 1775,
(decomp.) 1670,
1630

137-140 1770,
(decomp.} 1740,
1670,
1630

149-154 17735,
(decomp.) 1740,

1670,
1630
133 1770,
(decomp.) 1670,
1630

5,144,027
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TABLE 13

CH5R?
COQOH

DMS0*, CD;0D***

NMR(gﬁ-DMSO+D20", CECOOD***+/PPm value:

*1.27(3H, , J=THz, —CH,CH3), 2.84(2H, q, J=7Hz, =~ CH;CH3), 3.20-3.80
(4H, m, C;—H, N CHo—), 5.13(1H, d, J=5Hz, C¢—H), 5.45-5.85(3H, m,

S
S

N
Cs—H, )}, 6.53(1H, s, !l )
- CHy-

s” "H

*1.30(3H, t, J=7Hz, —CH>CHa3), 2.94(2H, q, }=7Hz, -~ CH3CH;3), 3.45(2H, s,
Cy=~H), 3.56(2H, s, N CHy~), 5.12(1H, d, J=5Hz2, C¢—H), 5.25-5.85(3H,

S
S

N
m, Cy=—H, ), 6.56{1H, s, l| ), 9.14(1H, d, J=8Hz,
w CHoyw~

s” “H
—CONH—)

*1.36(3H, t, J=THz, —CH3CH3), 3.47(2H, bs, Ca=H), 3.70(ZH, s,

N ‘ CH»>—), 4.41(2H, q, J=7Hz, —CH>CH3), 5.08(1H, d, J=5Hz, C¢—H),
S

S N
5.50-5.80(3H, m, C7—H, ), 6.48(1H, s, ” )

A= CH 5 q H

*1.36(3H, t, J=T7THz, —CH2CH3), 3.50(2H, bs, Cy;=H), 3.71(2H, s,
N CH>—), 4.40(2H, q, J=7THz, —CH>CH3), 5.06(1H, d, J=5Hz, Cg~—H),

S
S

N
5.60-5.85(3H, m, C+~—H, ),-6.47(1H, s, ” )
= CHoy ™

s” "H

*3.55(4H, bs, C;—H, N CHjy=), 5.05(1H, d, }=5Hz, Cg~~H), 5.50-5.80

S
S

N
(3H, m, C+—H, ), 6.55(1H, s, II ), 7.40-8.10
e CHo=—

=2 s” TH

(5H, m, )



Compound

NHCOCH;

NH>

SCHj3

69

5,144,027
70

TABLE 13-continued

N - S
CH>,CONH
Trifluoroacetic acid.HgN—< ‘
pr N
S 0% 2 ™ CcH,R?

Melting
point
(*C.)

148
(decomp.)

100-102
(decomp.)

143
(decomp.)

185
(decomp.)

107
(decomp.)

IR(KBr)
cm I,
V=0

1778,
1710,
1668

1780,
1710
1670

1770,
1690,
1663,
1630

1770,
16635,
1630

1765,
1665,
1630

COOH

6-DMSO*, CD30D***

NMR dg-DMSO + D,0**, CF3CO0D****

yppm value:

*3.44(2H, bs, Co—H), 3.56(2H, bs, N CH>—), 5.08(1H, d, J=5Hz, Cg—H),

S
> N
5.42-5.93(3H, m, , C7—H), 6.57(1H, s, u ), 8.90(1H, s,
~ CH>— S H
N
A ) 91304, d, J=8Hz, —CONH—)
NT H

*3.60{2H, bs, C;—H), 3.68(2H, bs, N l CHj>—), 5.06(1H, d, J=3Hz, Cg—H),

S
S N
5.30-5.85(3H, m, | , Cr—H), 6.59(1H, s, H ), 9.15(1H, s,
N
>= N), 9.17(1H, d, J=8Hz, —CONH-—)
H

*2.10(3H, s, —CHj3), 3.50(4H, bs, Cy—H, N CH,=), 5.10(1H, d, J=5Hz,

S
S

N
Cg=—H), 5.50-5.85(3H, m, , Cy—H), 6.5(1H, s, “ )s
-~ CH;—

s” “H
9.05(iH, d, J=8Hz, —CONH~)

**3 47(2H, bs, C;—H), 3.55(2H, s, N=g— CH;—),5.11H, d, J=5Hz, C¢—H),

S
S

N
5.45(2H, bs, ), 5.7(1H, d, J=5Hz, Cy~—H), 6.55(1H, s, “ )
o~ CHy=— |

s” ~H

*2.60(3H, s, —CH3), 3.55(4H, bs, Co—H, N]— CHjy=—), 5.05(1H, d, J=5Hz,

S
S

N
Ces—H), 5.50-5.80(3H, m, C+—H, ), 6.55(1H, s, H )
zr—CHy=

s” “H
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TABLE 13-continued _

N S
CH,CONH
Trnfluoroacetic acid.HgN% |
P N
S o~ <

COOH

CH,R?

Melting IR(KBr)

Compound point cm—1: 6-DMSO?*, CD30OD*** |
R’ (*C.) VC=0 NMR(gﬁ-Dmso+D20**, CE3000D#*+++)PPM Value:
N= N 107 1776, **2 70(3H, s, —CH3), 3.35(2H, bs, C;—H), 3.50(2H,s, N CHy=—), 5.10{1H,
/ (decomp.) 1665, r——
—N 1630
S
>= N S
SCH3 d, J=5Hz, Cg—H), 5.30(2H, s, ), 5.70(1H, d, J=5Hz, C7—H),
-~ CH;"""
N
6.60(1H, s ” )
S H
N=N 150-153 1770, *2 49(3H, s, —CH3), 3.40(2H, s, Cy=~H), 3.52(2H, s, N CH;—), 5.05(1H,
/ (decomp.) 1665, —_—
—N 1630
S
>= N S
CHj d, J=5Hz, C¢—H), 5.28(2H, bs, ), 5.62(1H, dd, J=5Hz, j=8Hz,
v CHy™
N
Co—H), 6.49(1H, s ” ), 9.03(1H, d, J=8Hz, —CONH~—)
S H
N =N (15-0-123 ) };gg *1.20(3H. t, J=7THz, —CH,CH3). 3.42(2H, bs, Co=~H), 3.50(2H, bs,
ecomp. , i’
P 1665, N CH;—), 4.00(2H, s, =CH,CO0—), 4.02(2H, g, J=THz, =~ CH,CH3),
1630
N = | g .
CH,COOCH,CH3
5.05(1H, d, J=5Hz, Cs—H), 5.15, 5.65QH, ABq, J=14Hz, ),
- CHoy
N
5.70(1H, d, J=5Hz, C+—H), 6.50(1H, s ” )
5 H
N = 119 1770, *3.43(2H, bs, Co—H), 3.52(2H, bs, N CHs=), 5.02-5.35(3H, m, Cg—H,
/ (decomp.) 1660, s
N 1630
- S
| ), 5.63(1H, d, J=5Hz, C+—H), 6.55(1H, s, ” ), 7.95(1H, s,
7 —CH— s~ “H
N N
,}-1{_), 8.47(1H, s, >—-@
N N
N N 144-146 1765, 2.23(3H, s, =~CH3), 3.45(2H, bs, Cy—H), 3.58(2H, bs, N CH;—), 5.05-5.20
(decomp.) 1665, —
~+ O _I_ s
N CHj; S

S
(3H, m, C¢~H, ), 5.70(1H, d, J=5Hz, C7—H), 6.6((1H, s,
z CHy—

N

N
Il ), 8.38(1H, s, >—_}_{_)

s” TH N
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TABLE 13-continued
" N S
CH>,CONH
Trifluoroacetic acid.H;N—< |
o N
< 0% 2" CH,R?
COOH
Melting IR(KBr)
Compound point cm— ! 6c-DMSO*, CD30D*** ,
R? (“C.) vemo  MR(31,.DMSO+D;0**, CF;CO0D**»e/PPM Value:
N N 133 1765, N
(decomp.) 1665, *s2 50(3H, s, —CH3). 3.50(2H, bs, C2—H), 3.60(2H, bs, CHy—), 5.05
O _I_ |
N SCH3 S
S
(1H, d, J=5Hz, C¢—H), 5.1002H, s, ), 5.65(1H, d, J=5Hz,
P CHy—
N N
Co—H), 6.60(1H, s, ” ), 8.40(1H, s, ,>—g_)
S H N
N N 25'5“153) ggg *1.34(3H, t, J=THz, —CH,CHy), 3.41(2H, bs, C;—H), 3.53(2H, bs,
ecomp. , —
TO* P 1660, N—r—CH;—), 4.38Q2H, g, J=7Hz, —CH,CH3), 5.1(1H, d, J=5Hz, Ce—H),
N COOCH,CH; 1630 l
S
S
N
5.50-5.85(3H, m, C1—H, ), 6.55(1H, s, || ), 8.14(1H, s,
-~ CH>y—
N
-
N
N N 140 1765, **3 47(2H, bs, Co—H), 3.65(2H, s, N CH;—), 5.10(1H, d, J=5Hz, C¢—H),
(decomp.) 16635, —
O _I_
N Cl S
S
5.10, 5.40(2H, ABq, J=16Hz, ), 5.7(1H, d, J=5Hz, C7—H),6.65
i CHr—
N N
(1H, s, “ ), 8.02(1H, s, ,>'—m
s” "H N
N 137-140 1775, *3.49(2H, bs, Cy—~H), 3.7002H, s, N CH;—), 3.82(3H, s, —OCH3), 3.87
'--N', %N (decomp.) 1730,
1640
— S
S
COOCH;
COOCH;

(3H, s, —OCH3), 5.06(1H, 4, J=5Hz, C¢—H), 5.32-5.85(3H, m, ,
~ CHy—

N
Cs—H), 6.51(1H, s, || ), 9.03(1H, d, J=8Hz, =CONH—)
s” "H
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TABLE 13-continued

N S
CH>,CONH
Trnfluoroacetic acid.H;{N—< |
S o~ <

CH>R?
COOH
Melting IR(KBr) ‘
Compound point cm™ 1 &-DMSO*, CD3OD*** *
R2 °C.) veo  TYMR(4 DMSO +D;0%*, CF;CO0D**++)PPM Value:
N_ 153 1770, *3 55(4H, bs, C;—H, N CHy—), 5.05(1H, d, J=5Hz, Cg~H), 5.50~5.80
N'f H‘N (decomp.) 1670, —
1630
S
| S |
CN N
(3H, m, Cy—H, ), 6.55(1H, s, ), 7.40-8.20(5H, m,
- CHyw
)
N N 180 1770, —
(decomp.) 1690,
— O P 1670,
N NHCOCH; 1630
—NHCCH,CI 124-125 1770, *3.50(2H, bs, Co=H), 3.55H, s, N CHa—), 3.91, 4.15(2H, ABq, J=12Hz,
| (decomp.) 1660, s
O 1630
* S
S
), 4.10(2H, s, CICH;—), 5.03(1H, d, 5Hz, Cs—H), 5.65(1H, dd,
= CHr—
N
J=5Hz, J=8Hz, C7—H), 6.53(1H, s, ” ), 9.01(1H, d, J=8Hz,
S H
~CONH—)
137-141 1760, *3 58(2H, s, N CH;=), 3.62, 3.84(2H, ABq, J=12Hz, C;—H), 4.18-4.53
(decomp.) 1660, —
—NHC 1640
I S
O S
(2H, m, ), 5.05(1H, d, J=5Hz, C¢—H), 5.67(1H, dd, ] =5Hz,
- CHy—
N |
J=8Hz,Cy—H), 6.57(1H, s, ” ), 7.22-8.03(5H, m, --fch: )
S H O
8.60-8.92(1H, m, ,>—CH1N_I_1_CO--), 9.02(1H, d, J=8Hz, ~CONH—)
—NHC(CH3)4CH3 ;{?5“103 ) ilﬁé’ *0.87(3H, t, J =7Hz, —CH2CH,CH,CH>CH3), 1.05~1.70(6H, m,
ecomp. , s
t!:l) P 1640 - CHsCH>CH»CH»CH3y), 2.08(2H, t, J=7Hz, ~~CHyCH>»CH»CH>3CH3), 3.41
S
' N CH;—
(2H, bs, C;—H), 3.57(2H, s, = ), 4.01(2H, bs, ), 5.00
-~ CHy~

S
(1H, 4, J=5Hz, C¢—H), 5.63(1H, dd, J=5Hz, J=8Hz, Cy~~H), 6.55 (1H, s,

N
|| ), 8.10(1H, bs, ,}—CH;NL-{_CG-“)

s” ~H
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TABLE 13-continued

N S
CH>CONH
Trifluoroacetic acid.HgN-{ ‘
- N
S o sl S

COCH

CH3;R?

Melting IR(KBr)

Compound point cm— 1L 6-DMSO*, CD30D*** '
R (°C.) Ve—0 NMR(SE,-DMSO-;-Dzo*-, CF3COQD**ss)PPM value:
-—NHﬁ(CHg);gCHg, (1;4*“6 ) i;ggs *0.84(3H, t, J=THz, —CH;CH+CH3), 1.18-1.82(2H, m, —CH>CH,CH3), 2.05
ecomp. , e —
O P 1640 (2H, t, J=7Hz, —-CH>;CH;CH ), 3.42(2H, bs, C»=H), 3.51(2H, s,
| S
N CHy—
= ), 3.85-4.26(2H, m, ), S.01(1H, d, J=5Hz, C¢—H),
S o~ CHp—

N
5.7(1H, dd, J=5Hz, J=8Hz. Cy—H), 6.50(1H, s, ” ), 8.07(1H, ¢,

5 H
J=6Hz, ,>—CH2N§<:0-)

175-176 1780,

S
(decomp.) 1710, N CHy—
«—NHC 1665, *3.03-3.57(6H, m, C;—H, : — ), 4.87(1H, d, J=5Hz,
= CHy= q

I O 1660
O

N
Ces—H), 5.32-5.7(1H, m, C7—H), 6.25-7.61(4H, m, " :
s "H

H H

3,8.20(1H, bs, >—CH2N§C0—), g,81(1H, d, J=8Hz,

o) H
—CONH—)

161-163 1760,

S
(decomp.) 1710 N CHy—
OH *3.04--3.83(6H, m, C;—H, : " "= ), 5.0(1H, d, J=5Hz,
. 1620 z—CH;= <

N
Ce—H), 5.36-5.72(1H, m, C7—H), 6.24-7.39(5H, m, " ,
s "H

O—), 8.96(1H, d, J=8Hz, —CONH—)

135 1760, *#223 43(2H, bs, Co—H), 3.86(2H, s, N CH,—),
(decomp.) 1660, ———
1630
S
S

4.20(2H, m, ), 5.22(1H, d, J=5Hz, C¢—H), 6.05(1H, m, C7—H),
-~ CHy~

N
6.62(1H, s, || ), 1.22(5H, bs, )

S H
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TABLE 13-continued

N S
‘ CH,CONH
Trifluoroacetic acid.HgN—< ‘
P N
S 0~ Z

CH;R?
COOH
Melting IR(KBr)
Compound point cm—L; & DMSO*, CD30D*** .
R C) v  TMR(3 DMSO 4 D,0%*, CF3COOD**+sPPM Value:
184 1765, S
(decomp.} 1710, N CE_Z_"'
| se**3 12.4.12(6H, m, C;—H, , ), 5.00(1H, d, J=5Hz,
COOH B
S 1620 z—CH; S
N
Ce—H), 5.57 (1H, d, J=5Hz, Cy~H), 6.45(1H, s, ” ,
S H
H
7.30(1H, d, J=23.5Hz, ), 7.52(1H, d, J=3.5Hz,
COOH
H S
)
S COOH
151-153 1768, *++3 15, 3.48(2H, ABg, J=18Hz, Coy=—H). 3.62(2H, s, N~ CH,—), 3.82(3H,
{decomp.) 1705, —
COOCH;
S 1620 S
S
s, =—QOCH3), 3.60, 4.03(2H, ABq, J=15Hz, ), 5.08(1H, d, J=35Hz,
- e (CH 5=

N
Cg=H), 5.68(1H, d, J=5Hz, Cy~H), 6.541H, s, “

S H
H
7.53(1H, d, J=3.5Hz, ), 7.67(1H, d, J=3.5Hz,
COOCH;
H S
)
S COOCH;
183-187 1765, **#3 45(2H, bs, C;—H), 3.64(2H, s, N CH3—), 3.90(2H, bs,
(decomp.) 1710 —
COOH
O 1610 S

S

), 4.92(1H, d, J=5Hz, C¢g—H), 5.5I(1H, d, J=5Hz, C7—H),
P CHy—

H

N
6.19(1H, d, J=4Hz, ), 6.48(1H, s, ” ), 6.97(1H, d,
COOH
O | S H

Joe

J=4Hz, | )
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EXAMPLE 12

(1) A solution of 1.92 g of bromine in 12 ml of anhy-
drous methylene chloride was dropped at —30° C. into
a solution of 1.26 g of diketene in 20 ml of anhydrous 5
methylene chloride, and the reaction was effected at
—30° C. to —20° C. for 30 minutes. Then, the reaction
mixture was dropped into a solution of 4.62 g of diphe-
nylmethyl  7-amino-3-[2-(5-methyl-1,2,3,4-tetrazolyl)-
methyl}-A3-cephem-4-carboxylate and 4 g of N,O-bis(- 1g
trimethylsilyl)acetamide in 50 ml of anhydrous chloro-
form at a temperature of —30° C. or below. After the
dropping, the mixture was subjected to reaction at
- 30° C. to —20° C. for 30 minutes and then at —10° C.
to 0° C. for 1 hour. After completion of the reaction, the s
solvent was removed by distillation under reduced pres-
sure, the residue obtained was dissolved in 60 ml of
ethyl acetate and 60 ml of water, and the organic layer
was separated, washed successively with 30 ml of water
and 30 ml of saturated aqueous solution of sodium chlo- ,,
ride, and dried on anhydrous magnesium sulifate, after
which the solvent was removed by distillation under
reduced pressure. Diethyl ether was added to the resi-
due and the resulting crystals were collected by filtra-
tion to obtain 5.92 g (yield 94.7%) of diphenylmethyl
7-(4-bromo-3-oxobutyramido)-3-[2-(5-methyl-1,2,3,4-
tetrazolyl)methyll-A3-cephem-4-carboxylate having a
melting point of 82°-85° C. (decomp.).

IR(KBr) cm—1: vC=0 1780, 1722, 1690-1650

NMR(CDCIl3) ppm value: 2.42

25

30

N

(3H, s, />—cg1_3).

N
35
3.19 (2H, bs, C;—H), 3.62 2H, 5, —COCH,CO—), 3.97
(2H, s, BrCH,—), 4.86 (1H, d, J=5Hz, C¢—H),
5.20-6.0

S 40
(3H, m, | ,
o~ CI;IE""
C7—H), 6.89 (1H, s, >CH—), 7.25 45
(10H, s, X2),
50

7.91 (1H, d, J=8Hz, —CONH—).

(2) In 30 ml of N,N-dimethylformamide were dis-
solved 6.52 g of diphenylmethyl 7-(4-bromo-3-
oxobutyramido)-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me- 35
thyl]-A3-cephem-4-carboxylate and 1.67 g of N-phenyl-
thiourea, and the solution was subjected to reaction at
room temperature for 2 hours. After completion of the
reaction, the solvent was removed by distillation under
reduced pressure, and the residue was washed with 60
diethyl ether and then mixed with 100 m! of ethyl ace-
tate and 50 ml of water. The pH of the mixture was
adjusted to 7.5 with saturated aqueous solution of so-
dium hydrogencarbonate with ice-cooling, after which
the organic layer was separated and dried on anhydrous 65
magnesium sulfate. The solvent was removed by distil-
lation under reduced pressure, to obtain 5.9 g of diphe-
nylmethyl 7-[2-(2-phenylaminothiazol-4-yl)acetamido]-

82
3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-
carboxylate as a crude solid product. Without purifica-
tion, it was dissolved in 59 ml of anisole, and then 39 ml
of trifluoroacetic acid was dropped thereinto, after
which the mixture was subjected to reaction at room
temperature for 30 minutes. After completion of the
reaction, the solvent was removed by distillation under
reduced pressure, and diethyl ether was added to the
residue, after which the resulting crystals were col-
lected by filtration, thoroughly washed with diethyl
ether and dried to obtain trifluoroacetic acid salt of
7-[2-(2-phenylaminothiazol-4-yl)acetamido]-3-[2-(5-
methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-car-
boxylic acid having a melting point of 165°-169" C.
(decomp.).

IR(KBr) cm—1: vC=0 1775, 1660, 1625
NMR(d¢-DMSO) ppm value: 2.42 (3H, s,

N=—m—CH3
!
3.47 (2ZH, bs, Co—H), 3.53 (2H, s,

N CHy—
)

S

5.07 (1H, d, J=5 Hz, C¢—H), 5.59 (2H, bs,

S

I ),
= CHy=~—

5.80 (1H, dd, J=5 Hz, J=8 Hz, C;—H), 6.53 (1H, s,

N
Il )s

s” "H

7.0-7.5 (5H, m,

8.95 (1H, d, J=8 Hz, —CONH—)

EXAMPLE 13

In 27 m] of N,N-dimethylformamide was dissolved
5.5 g of the 7-[2-(2-tert.-amyloxycarboxamidothiazol-4-
yDacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-
A3-cephem-4-carboxylic acid obtained in Example
9-(1). Then, 1 g of trietylamine and 2.9 g of pivaloylox-
ymethyl 1odide were added to the solution with ice-
cooling, and the resulting mixture was subjected to
reaction for 30 minutes. After completion of the reac-
tion, the reaction mixture was introduced into a mixed
solvent of 250 ml of water and 250 ml of ethyl acetate,

‘and the pH thereof was adjusted to 7.0 with sodium

hydrogencarbonate. The organic layer was separated,
washed with water and dried on anhydrous magnesium
sulfate. The solvent was removed by distillation under
reduced pressure, to obtain 6.02 g of pivaloyloxymethyl
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7-[2-(2-tert.-amyloxycarboxamidothiazol-4- 3.51 (2H, s, C2—H), 3.62
yl)acetamido}-3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-
A3-cephem-4-carboxylate as a crude solid product.
Without purification, it was dissolved in 30 m] of trifluo-
roacetic acld and the solution was subjected to reaction 5 (2H, s, ),
at room temperature for 30 minutes. After completion >
of the reaction, the solvent was removed by distillation
under reduced pressure, 80 ml of water and 80 ml of
ethyl acetate were added to the residue obtained, and
the pH thereof was adjusted to 7.0 with sodium hydro- 10 . S
gencarbonate with ice-cooling. The organic layer was j- |
P CH;™

N CHy—

5.15 (1H, d, J=5 Hz, Ce—H), 5.26-5.79 (3H, m,

separated and dried on anhydrous magnesium sulfate,
and a solution of 0.8 g of dry hydrogen chloride in 20 ml
of diethyl ether was added thereto with stirring while
cooling the mixture with ice, upon which white colored
powder precipitated. It was collected by filtration, thor-

5 Cs—H), 5.87 (QH, s, —OCH;0—-), 6.62

oughly washed with diethyl ether and recrystallized N
from ethyl acetate to obtain 3.82 g of hydrochloride of - I
pivaloyoxymethyl 7-[2-(2-aminothiazol-4- (1H, s, S )

ppppp—

yl)acetamido}-3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl}- 20
A3-cephem-4-carboxylate having a melting point of _

146°-148° C. (decomp.). 9.23(1H, d, J=8 Hz, —CONH—).
-~ IR(KBr) em—1 vC=0 1782, 1750, 1670 EXAMPLE 14
NMR(dg-DMSO) ppm value: 1.15 (9H, s,

—C(CHz3)3), 2.46 ”5 By subjecting the starting compounds shown in Ta-

bles 14 and 15 to the same reaction as in Example 13, the
corresponding compounds shown in Tables 14 and 15

N were obtained.
(3H, s, ,>—CH3),
N
TABLE 14
N CH,;CONH S
HZN—< l l: H,R2
. o N CH3
HO g 0% 7
COOCHQOﬁC(CHg,);
O
Compound Melting IR (K. Br)
RZ point (°C.) cm~Lveog NMR(*!dg-DMSO, *2CDCl3, *3D,0) ppm value:
N=N 124-127 1780, *11.15(9H, s, —C(CH3)3), 1.26(3H, t, J = THz,
/ (decomp.) 1750, —CH;CH3), 2.83(2H, g, J=7Hz, —CH3CH3), 3.52(2H,
—N 1670 — N CHo— —
\N | s, Cy—H), 3.62CH, s, ), 5.14(1H, d,
CH>CH; S
S
J=5Hz, Cg=~H), 5.46-6.00(5H, m, ,
= CHy™
N
—~QOCH,0—, C7—H), 6.06(1H, s, " ), 9.22(1H,
S H
d, J=8Hz, ~CONH~—)
N=N 112-115 1780, *11 17(9H, s, = C(CH3)3), 3.32-3.86(4H, m,
/ (decomp.) 1750, N CHy,—
N 1670 Cy,—H, ™ ), 5.12(1H, d, J=5Hz, C¢—H),
\N <
S
5.39-6.00(5H, m, , C9~H, —OCH;0-),
i CHy—
N N
6.59(1H, s, II ), 8.88(1H, s, ,}-@,
S H N

9.19(1H, d, J=8Hz, —CONH-)
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TABLE 14-continued

N —-I—CHZCONH S
HgN—< I
. Z N P CH2R2

HCl ¢ O
COOCHgOﬁC(CHy;J,
0
Compound Melting IR(KBr) ‘
R2 point (°C.) cm— Y vc—g NMR(*!de-DMSO, *2CDCl3, *3D,0) ppm value:
N=N 165 1780, 2 41 19(9H, s, —C(CH3)3), 2.25(3H, s,
/ (decomp.) 1750, N CH,—
—N 1680 —COCH3), 3.20-3.65(4H, m, Cy—H, - )
\N S
4.91(1H, d, J=5Hz, C¢—H), 5.20-6.00(5H, m,
NHCOCH} S )
N
, OCH,0—, C3—H), 6.18(1H, s, “ )
z~—CHy=
o S H
N 137-139 1770, *2 41 29(9H, 5, —C(CH3)3), 3.24-3.60(4H, m,
—N~ (decomp.) 1740, Ié CHE.E.. )3 o
k "> 1660 C,—H, I = ), 490(1H, d, J=5Hz, Cg—H), 5.15
oy
N L} S
S
(1H, m, C7—H), 5.70-5.95(4H, m, ,
- CH;—
N
—QCH;0—), 6.14(1H, s, ” ), 7.81(1H, s,
S H
N N
—N~ N7
- ‘}), 8.25(1H, s, >—m
A k
H N N
120-132 1770, *2 *41 13(SH, s, —C(CH3)3), 3.16(2H, s, Co—H),
(decomp.) 1745, N CHy—
1660 3.41(2H, s, “ ), 3.72(2H, d, J=15Hz,
S
S
| ), 4.83(1H, d, J=5Hz, Cg—H), 5.40-6.00
CHy™ ‘
N
(5H, m, —OCH,0—, —NHj;, C7—H), 6.06(1H, s, " ),
S H
7.10(5H, m, ), 7.85(1H, d, J=8Hz, —CONH—)
—NHCCH; 135-138 1778, *31.20(9H, s, —C(CH3)3), 2.01(3H, s, =~ COCH3),
I (decomp.) 1750,

S
O 1680 N CHy—
f 3.33-4.38(6H, m, Cy—H, -, ),
1620 q =z CHy—

3.09(1H, d, J=5Hz, C7—H), 5.64(1H, d, J=5Hz,
C¢—H), 5.81(2H, bs, ~0OCH0~), 6.64(1H, s,

T

s” ~H

Note:
o] 2 3nd *3 mean that the respective solvents indicated in the heading were used for measurement of NMR.
*4 means that the NMR data are concerned with a compound to which HCI is not added.
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TABLE 15

88

N S
CH>CONH N
HZN"(J | /
N CH>N
X 0P = 2 \
N

=N

I N
IR (KBr)
Melting point cm—L;
R (*C.) VC=0 NMR (dg-DMSO) ppm value:
~~CH3 131-133 1780, N
(decomp.) 1725,
1665 2.45(3H, s, >—CH3), 3.40-3.70(4H, m,
N
N CHoy~-
, Cr=H), 3.77(3H, s, —OCH3), 5.10(1H,
S
S
d, J=5Hz, C¢—H), 5.50-5.85(3H, m, .-J—CH;-"-,
N |
Cs=H), 6.25(1H, s, ]: ), 8.89(1H, d, J=8Hz,
S H
~CONH—)
0 o 152-153 1780, N
<~ (decomp.) 1750,
1680 2.42(3H, s, >—C_H_é), 3.45-3.80(4H, m,
N
N CHy—
, Co=~H), 5.12(1H, d, J=5Hz, C¢—H),
S
S
5.45-5.90(3H, m, ..]—CH;-—, Cy—H), 6.60(1H,
N
H O
: , 1.61(1H, s, ™ =),
S SIE) (1H, s X 7 )
7.55--8.00(4H, m, ), 9.25(1H, d, J=T7Hz,
= CONH=)
Note:
*Hydrochlonde
EXAMPLE 15 50
(1) To a suspension of 2.96 g of 7-amino-3-[2-(5-meth-
yl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylic
acid in 15 ml of N,N-dimethylformamide was added
1.34 E Of: SﬂllCYlaldehYde, and the mixture was SUb_]eCted lized from isopropyl ﬂlCGhOl, to obtain 2.73 g (yield
to reaction at room temperature for 1 hour. The reac- 55

tion mixture was cooled with ice, and 0.96 g of triethyl-
amine and 2.42 g of pivaloyloxymethyl iodide were
added thereto, after which the resulting mixture was
subjected to reaction for 20 minutes. After completion

of the reaction, the reaction mixture was introduced 60

into a mixed solvent of 150 ml of water and 150 ml of
ethyl acetate. After adjusting the pH to 7.3 with sodium
hydrogencarbonate, the organic layer was separated,
washed with two portions of 100 ml of water, and dried
on anhydrous magnesium sulfate. Then, the solvent was
removed by distillation under reduced pressure. Isopro-
pyl alcohol was added to the residue, and the resulting
crystals were collected by filtration, and then recrystal-

65

53.1%) of pivaloyloxymethyl 7-(2-hydroxyben-
zylideneamino)-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate having a melting point
of 136°-137° C. (decomp.).

IR(KBr) cm—!: ve—p 1770, 1765-1750
NMR(CDCl3) ppm value: 1.23 (SH, s, —C(CH3)3),
2.51 |

(3H, s, N-----“ C_H“:‘;_),
N

3.30 (2H, s, C,—H), 5.08 (1H, d, J=5 Hz, C¢—H), 5.32
(1H, d, J=5 Hz, C7—H), 5.38, 5.82
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S

l ),
== CHy—

—_ 5

(2H, ABq, J = 16 Hz,

5.91 (2H, bs, —OCH;,0—), 6.70~7.50

10
(4H, m, ),

15

8.49 (1H, s, —CH=N—)

(2) In a mixed solvent of 50 ml of 4N hydrochloric
acid and 25 ml of diethyl ether, 5.14 g of the pivaloyox-
ymethyl 7-(2-hydroxy-benzylideneamino)-3-[2-(5-meth-
yi-1,2,3,4-tetrazolyDmethyl}-A3-cephem-4-carboxylate
obtained in above (1) was stirred for 1 hour at 10°-15°
C. Then, the aqueous layer was separated, and washed
with two portions of 30 ml of diethyl ether, after which
100 ml of diethyl ether was added to the agueous layer
and the pH thereof was adjusted to 7.0 with 28% by
weight aqueous ammonia with ice-cooling. The organic
layer was separated and dried on anhydrous magnesium
sulfate. Then, a solution of 1 g of dry hydrogen chloride
in 20 ml of diethyl ether was added thereto with stirring
with ice-cooling, upon which a white colored powder
deposited. This was collected by filtration, thoroughly
washed with diethyl ether and recrystallized from chlo-
roform, to obtain 3.67 g (yield 82.2%) of hydrochloride
of pivaloyloxymethyl 7-amino-3-[2-(5-methyl-1,2,3,4-
tetrazolyl)methyl]-A3-cephem-4-carboxylate having a
melting point of 149°-151° C. (decomp.).

IR(KBr)_cm“l: ve—o 1773, 1741, 1730

20

25

30

35

NMR(d¢-DMSO) ppm value: 1.18 (9H, s,
_C(CH3)3)5 2.44
40
N
(3H, s, ;}—C&),
' N
45

3.60 (2H, s, Co—H), 5.23 (2H, s, C¢—H, C-—H), 5.62

S

(2H, s, | ),
CHy—

V4

50

5.78-5.92 2H, m, —COOCH,0—) :

(3) In 20 ml of anhydrous methylene chloride was 55
dissolved 1 g of diketene, and a solution of 0.85 g of
chlorine in 9 ml of anhydrous carbon tetrachloride was
dropped thereinto at —30° C., after which the mixture
was subjected to reaction at —30° C. to —20° C. for 30
minutes. Then, the reaction mixture was dropped at 60
—40° C. into a solution of 4.47 g of the hydrochloride of
pivaloyloxymethyl 7-amino-3-{2-(5-methyl-1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylate obtained in
above (2) and 2.43 g of N,N-dimethylaniline in 50 ml of
anhydrous methylene chloride. After the dropping, the 65
temperature was slowly elevated and the mixture was
subjected to reaction at 0°-5° C. for 1 hour. After com-
pletion of the reaction, the solvent was removed by

90

distillation under reduced pressure, and the residue was
dissolved m 50 m! of ethyl acetate and 30 ml of water.
The organic layer was separated, washed successively
with water and saturated aqueous solution of sodium
chloride, and dried on anhydrous magnesium sulfate,
after which the solvent was removed by distillation
under reduced pressure to obtain an oily product. Then,
15 ml of N,N-dimethylformamide was added to dissolve
the oily product. To the solution was added 0.76 g of
thiourea and the mixture was subjected to reaction at
room temperature for 2 hours. After completion of the
reaction, the reaction mixture was itroduced into a
mixed solvent of 150 ml of water and 150 ml of ethyl
acetate, and the pH was adjusted to 7.0 with sodium
hydrogencarbonate, after which the organic layer was
separated, dried on anhydrous magnesium sulfate and
then concentrated under reduced pressure until the
volume of the organic layer reached 50 ml. Then, a
solution of dry hydrogen chloride in diethyl ether was
added thereto with stirring with ice-cooling, upon
which a white colored powder deposited. This was
collected by filtration, thoroughly washed with diethyl
ether and recrystallized from ethyl acetate, to obtain 4.4
g (yield 75.0%) of hydrochlornide of pivaloyloxymethyl
7-[2-(2-aminothiazol-4-yl)acetamido]-3-[2-(5-methyl-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylate
having a melting point of 146°-148° C. (decomp.).

The physical properties (IR and NMR) of this com-
pound were identical with those of the product of Ex-
ample 13.

EXAMPLE 16

(1) By carrying out an acylating reaction in the same
manner as in Example 9-(1), the following correspond-
ing compound was obtained:
7-[2-(2-chloroacetamidothiazol-4-yDacetamido]-3-[(3-

chloro-1,2,4-triazolyl)methyi]-A3-cephem-4-carboxy-

lic acid

Melting point: 120°-122° C. (decomp.) ~

IR(KBr) cm—!: ve—o 1775, 1710, 1680, 1650

NMR(de-DMSO) ppm value: 3.43 (2H, s, C;—H),

3.60
N CHy—
(2H, s, “ -},
S

4.32 (2H, s, CICH,—), 5.09 (1H, d, J=5 Hz, C¢—H),
5.05, 5.39

S

(ZH, ABq, J = 15 HZ, | )I
CHy;—

V4

5.68 (1H, dd, J=5 Hz, J=8 Hz, C7—H), 6.97

N
(1H, s, I ),

s” “H

8.03
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N
(1H, s, ,>—!:I__),
N

- 895 (1H, d, J=8 Hz, —CONH-—)

(2) In 40 mi of dry methylene chloride was suspended
2.13 g of the 7-[2-(2-chloroacetamidothiazol-4-
yDacetamido]-3-[(3-chloro-1,2,4-triazolyl)methyl]-A--
cephem-4-carboxylic acid obtained i1n above (1), and

0.01 g of pyridinium p-toluenesulfonate and 2.88 g of

ethyl vinyl ether were added to the suspension, after
which the resulting mixture was subjected to reflux to
form a solution. Then, the solution was cooled to —75°
C., to which 4.48 ml (2.675 millimoles/ml) of a metha-
nolic solution of lithium methoxide was added. After
stirring for 5 minutes, 0.52 g of tert.-butyl hypochlorite
was added and stirred at that temperature for 15 min-
utes. Then, 0.48 g of acetic acid was added, and the
temperature was elevated to —30° C.

After completion of the reaction, the solvent was
removed by distillation under reduced pressure, and 50
ml! of ethy] acetate and 40 ml of water were added to the
residue thus obtained, after which the pH was adjusted
to 0.5 with 2N hydrochloric acid with ice-cooling. The
organic layer was separated and dried on anhydrous
magnesium sulfate, and the solvent was removed by
distillation under reduced pressure. Diethyl ether was
added to the residue thus obtained and the resulting
crystals were collected by filtration, to obtain 1.53 g
(vield 68%) of 78-[-2-(2-chloroactamidothiazol-4-
ylacetamido}-7a-methoxy-3-[(3-chloro-1,2,4-triazolyl)-
methyl]-A3-cephem-4-carboxylic acid having a melting
point of 145°-150° C. (decomp.).

IR(KBr) em—!: ve—p 1775, 1720, 1685, 1635

NMR(de-DMSO) ppm value: 3.34 (2H, s, Cy—H),
3.38 (3H, s, —OCH3), 3.64

N CH>—
(2H, bs, ),

S

4.31 (2H, s, CICH,—), 5.10-5.30

S
(3H, m, Cg—H, 1 ),
a3
6.91
N
(1H, s, I )s
s” "H
7.96

N
(1H, s, ,>—w,
N

9.25 (1H, s, —CONH-).

(3) In 7 ml of N,N-dimethylacetamide was dissolved
140 g of  78-[2-(2-chloroacetamidothiazol-4-
ylacetamido}-7a-methoxy-3-[(3-chloro-1,2,4-triazolyl)-
methyl]-A3-cephem-4-carboxylic acid, and 0.3 g of thio-

10

15

20

25

30

33

45

50

35

65

92

urea was added to the solution and reaction was ef-
fected at room temperature for 10 hours. After comple-
tion of the reaction, 50 ml of diethyl ether was added to
the reaction mixture and the supernatant was removed
by decantation. Again, 50 ml of diethyl ether was added
to the residue and the same procedure as above was
repeated. Then, water was added to the residue, and the
latter was disintegrated, after which the crystals were
collected by filtration and dnied, to obtain 0.65 g (yield
50%) of hydrochloride of 78-[2-(2-aminothiazol-4-
yDacetamino]-7a-methoxy-3-[(3-chloro-1,2,4-tnazolyl)-
methyl]-A3-cephem-4-carboxylic acid having a melting
point of 151°~156° C. (decomp.).

IR(KBr) cm—1: ve—p 1765, 1660, 1610

NMR (de-DMSO) ppm value: 3.28 (2H, s, C;—H),
3.35 (3H, s, —OCH3), 3.60

. N CHy=
(2H, bs, )
S
5.05-5.30
S
(3H, m, C¢~—H, | )
/=2
6.82
N
(1H, s, ” ),
S5 H
7.95
N
(1H, s, ,}-—;;1_).
N
EXAMPLE 17

(1) In 16 ml of N,N-dimethylacetamide was dissolved
3.15 g of 2-(2-tert.-amyloxycarboxamidothiazol-4-yl)-2-
(syn)-methoxyiminoacetic acid, into which 1.69 g of
phosphorus oxychloride was dropped at —20° C. The
resulting mixture was stirred at that temperature for 1.5
hours, and then dropped at —30° C. to —20° C. into a
solution of 3.16 g of 7-amino-3-[(3-chloro-1,2,4-
triazolyl)methyl]-A3-cephem-4-carboxylic acid and 6.1
g of N,O-bis(trimethylsilyl)acetamide in 32 ml of anhy-
drous methylene chloride. After the dropping, the mix-
ture was subjected to reaction at that temperature for 1
hour, then at 0°-10° C. for 30 minutes, and then at room
temperature for 30 minutes. After completion of the
reaction, the methylene chloride was removed by distil-
lation under reduced pressure, and the residue thus
obtained was introduced into a mixed solvent of 80 ml
of water and 100 ml of ethyl acetate. The organic layer
was thereafter separated, and 80 ml of water was added
thereto, after which the pH thereof was adjusted to 7.0
with sodium hydrogencarbonate. The aqueous layer
was separated, and 80 ml of ethyl acetate was added
thereto, after which the pH was adjusted to 1.5 with 2N
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hydrochloric acid with ice-cooling. The organic layer
was separated, washed successively with 50 ml of water
and 50 ml of saturated aqueous solution of sodium chlo-
ride and dried on anhydrous magnesium sulfate, after
which the solvent was removed by distillation under
reduced pressure. Diethyl ether was added to the resi-
due and the resulting crystals were collected by filtra-
tion, to obtain 5.62 g (yield 91.8%) of 7-[2-(2-tert.-
amyloxycarboxamidothiazol-4-yl)-2-(syn)-methox-
yiminoacetamido]-3-[(3-chloro-1,2,4-triazolyl)methyl}-
A3-cephem-4-carboxylic acid having a melting point of
198°-200° C. (decomp.).

IR(KBr) cm—!: ve—p 1780, 1720, 1670

NMR(de-DMSO) ppm value: 0.89 (3H, t, J=7 Hz,
—CH,;CH3), 1.44

CH3;

I a—
(6H, s, —C—),

|
CH;

1.78 (2H, q, J =7 Hz, —CH>CH3), 3.45 (2H, bs, C;—H),
3.87 3H, s, —OCH3), 4.96-5.40

S

(3H, m, l ’ Cﬁ_ H):
CHy=—

V4

5.82 (1H, dd, J=5 Hz, J=8 Hz, C;—H), 7.24

N
(1H, s, “ ),

s” H
8.02
N
(1H, s, ;>'E),
N

9.61 (1H, d, J=8 Hz, —CONH—), 11.79 (1H, bs,
—CONH—)

(2) In 30 ml of trifluoroacetic acid was dissolved 5.62
g of the 7-[2-(2-tert.-amyloxycarboxamidothiazol-4-yl)-
2-(syn)-methoxyiminoacetamido]-3-[(3-chloro-1,2,4-
triazolyl)methyl]-A3-cephem-4-carboxylic  acid
tained in above (1), and reaction was effected at room
temperature for 30 minutes. After completion of the
reaction, the solvent was removed by distillation under
reduced pressure. Diethyl ether was added to the resi-
due, and the resulting crystals were collected by filtra-
tion, thoroughly washed with diethyl ether and dried,
to obtain 5.23 g (yield 93.1%) of trifluoroacetic acid salt
of 7-[2-(2-aminothiazol-4-yl)-2-(syn)-methox-
yiminoacetamidol-3-[(3-chloro-1,2,4-triazolyl)methyl]-
A3-cephem-4-carboxylic acid having a melting point of
162° C. (decomp.).

IR(KBr) cm—!: ve—p 1778, 1715, 1670, 1630

NMR(d¢-DMSO) ppm value: 3.48 (2H, bs, C;—H),
3.93 (3H, s, —OCHj3), 4.98-5.42

ob-

10

15

20

235

30

35

45

50

33

65

94

S

(SH, Im, | ’ Cﬁ- H)!
CH>—

V4

5.78 (1H, dd, J=5 Hz, J=8 Hz, C7—H), 6.91

NI
(lHr Sr )i‘

s” "H
8.02

N

(IH, s, ,>— H),

N

9.74 (14, d, J=8 Hz, —CONH—)
EXAMPLE 18

(1) In 40 ml of anhydrous methylene chloride was
dissolved 3.15 g of 2-(2-tert.-amyloxycarboxamido-
thiazol-4-yl)-2-(syn)-methoxyiminoacetic acid, and 1.06
g of N-methylmorpholine was added thereto, after
which the reaction mixture was cooled to —35° C.
Then, 1.12 g of ethyl chlorocarbonate was added
thereto and the resulting mixture was subjected to reac-
tion at —35° C. to —25° C. for 1.5 hours, after which
4.62 g of diphenylmethyl 7-amino-3-[2-(5-methyl-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylate
was added to the reaction mixture and the resulting
mixture was subjected to reaction at —30° C. to —20°
C. for 1 hour. Then, the temperature was slowly ele-
vated, and the reaction was additionally carried out at
room temperature for 3 hours. After completion of the
reaction, the solvent was removed by distillation under
reduced pressure. To the residue were added 50 ml of
ethyl acetate and 40 mi of water to dissolve the residue.
The organic layer was separated, 40 ml of water was
again added, and the pH was adjusted to 1.5 with 2N
hydrochloric acid with ice-cooling. Then, the organic
layer was separated, and 40 ml of water was added,
after which the pH was adjusted to 7.0 with sodium
hydrogencarbonate with ice-cooling. The organic layer
was separated and dried on anhydrous magnesium sul-
fate, after which the solvent was removed by distillation
under reduced pressure. Diethyl ether was added to the
residue, and the resulting crystals were collected by
filtration, to obtain 7.06 g (yield 93.09%) of diphenyl-
methyl 7-[2-(2-tert.-amyloxycarboxamidothiazol-4-yl)-
2-(syn)-methoxyiminoacetamido}-3-[2-(5-methyl-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylate
having a melting point of 94°-99° C. (decomp.).

IR(KBr) cm—1: ve—p 1790, 1725, 1685

NMR(d¢-DMSO) ppm value: 0.87 (3H, t, J=7 Hz,
—CH),CH3), 1.44

=
(6H, s, = C=),

I
CH;

1.75 2H, q, J=7 Hz, —CH,CH3), 2.4
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N N

(3H, s, />—'CH3), (3H, s, ,>—CE£),
N 5 N

3.46 (2H, bs, C;—H), 3.81 (3H, s, —OCH3), 5.15 (1H, d,
J=5 Hz, C¢—H), 5.47

10
S

(2H, bs, | )
CHy—

7

15
5.87 (1H, dd, J=5 Hz, J=8 Hz, C7—H), 6.84 (1H, s,

> CH—), 6.93-7.52

N
(11H, m, X2, || ),
s” "H

9.61 (1H, d, J=8 Hz, —CONH—), 11.66 (lH, bs,
—CONH-—).

(2) The compound obtained in above (1) was sub-
jected to reaction and treatment in the same manner as
in Example 8-(2) to obtain the following compound:
5.07 g (yield 91.9%) of trifluoroacetic acid salt of 7-[2-
(2-aminothiazol-4-y])-2-(syn)-methox-
yiminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylic acid

Melting point: 123°-125" C. (decomp.)

IR(KBr) cm—1: ve—p 1790, 17201635

NMR(CD3;0D) ppm value: 2.45

20

25

30

35

(3H, s, N—7—CH), 40
N
3.44 (2H, bs, C;—H), 3.99 (3H, s, —OCH3), 5.10 (1H, 4,
J=35 Hz, C¢—H), 5.50, 5.81 .
S
(2H, ABq, J = 14 Hz, | )
g e
"'"" 50

5.80 (1H, d, J=5 Hz, C7—H), 6.93

N
{1H, s, I

s” "H

). 35

(3) The compound obtained in above (2) was sub-
jected to reaction and treatment in the same manner as 60
in Example 8-(3) to obtain the following compound:
Sodium 7-[2-(2-aminothiazol-4-yl)-2-(syn)-methox-
yiminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate

Melting point: 183°-187° C. (decomp.)

IR(KBr) cm—!: ve—p 1760, 1665, 1610

NMR(d¢-DMSO-D>0) ppm value: 2.50

65

3.30 (2H, bs, C;—~H), 3.91 (3H, s, —OCH3), 5.12 (1H, d,
J=5 Hz, C¢—H), 5.66

S

(2H, bs, | )s
CHo—

s

5.74 (1H, d, J=5 Hz, C3—H), 6.83

N
(1H, s, " )}

s” "H

The following compound was obtained by the same
manner.

Sodium 7-[2-(2-aminothiazol-4-yl)-2-(syn)-methox-
yiminoacetamido]-3-{(3-chloro-1,2,4-triazolyl)me-
thyl]-A3-cephem-4-carboxylate
Melting point: 168° C. (decomp.)

IR(KBr) cm—1: ve—ep 1760, 1670, 1605
NMR(D;0) ppm value: 3.30 (2H, bs, C2—H), 3.97
(3H, s, —OCH3), 4.93-5.60

S

(3H, m, |
CHyw

7
5.77 (1H, d, J=5 Hz, C;—H), 6.91

N
(I1H, s, I ),
H

S

, Ce—H),

7.96

- N

(1H, s, ,}—H)-

N

EXAMPLE 19

In 25 ml of water was suspended 6.13 g of trifluoro-
acetic acid salt of 7-[2-(2-aminothiazol-4-yl)-2-(syn)-
methoxyiminoacetamido}-3-[(3-chloro-1,2,4-triazolyl)-
methyl]-A3-cephem-4-carboxylic acid, and to the sus-
pension was added sodium hydrogencarbonate with
ice-cooling to adjust the pH of the suspension to 8.0,
upon which the suspension was converted to a solution.
Then, the pH was adjusted to 2.5 with concentrated
hydrochloric acid at the same temperature as above,
upon which crystals were deposited. The crystals were
collected by filtration, thoroughly washed with water
and then with acetone, and dnied, to obtain 4.71 g (yield
94.5%) of 7-[2-(2-aminothiazol-4-yl)-2-(syn)-methox-
yiminoacetamido]-3-[(3-chloro-1,2,4-triazolyl)methyl}-
A3-cephem-4-carboxylic acid having a melting point of
at least 200° C.

IR(KBr) cm—!: ve=0 1765, 1660, 1625
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NMR(d¢-DMSO) ppm value: 3.44 (2H, bs, C—H),

3.85 (3H, s, —OCHj3), 5.20 N

(1H,s, p/—H),
S

5 N
(2H, bs, ), -
-']"CE_:{“ 9.60 (1H, d, J=8 Hz, —CONH—).

In the same manner as above, the following com-

5.20 (1H, d, J=6 Hz, C¢e—H), 5.78 (1H, dd, J=6 Hz, pound was Ob@md:

J=8 Hz, C7—H), 6.71 10 7-[2-(2-aminothiazol-4-yl)-2-(syn)-methox-
yminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)-
methyl]-A3-cephem-4-carboxylic acid

N l Melting point: >200° C.
(14, s, i H)’ IR(KBr) cm—1: vc—p 1765, 1660, 1625
- 15 EXAMPLE 20
7.16 (2H, bs, —NHj), 8.04 By carrying out an acylation reaction in the same

manner as in Example 17-(1) or Example 18-(1), the
compounds shown in Table 16 were obtained.

TABLE 16
N S
C—CONH
“~ ]y 2
2 N CH>R“ (syn 1somer)
S N\ o~ | Z
OCH;
COOR!
Melting point IR(KBr)
—R! —R? R4— (°C.) em—Lveoo
~H N N CH; 180-183 1780,

| {(decomp.) 1710,
N

SCH3

CHj3
—H ~—NHCOCH3 CICH,CONH— > 200 1780,
1710,
1640
—H N N CICH>CONH— 147-150 1780,
O /]\ (decomp.) 1720,
: N Cl 1650
— CH; 104-109 1780,

N=N

/ - l (decomp.) 1720,

\ . CH3

N
CH>CH3

N CH; 130132 1780,
/ l (decomp.) 1720,
—CH )2 —N CH_‘;CHQ? OCONH 1680

CH

\= N ;

' —NHCOCH; " 163 1780, -
(decomp.) 1720,
1680
1620
' 165-166 1780,
(decomp.) 1720,
—NHCO | 1680
O

1620
" | 98-105 1780,

(decomp.) 1723,
OH 1680



5,144,027
99 100

TABLE 16-continued

N S
./ C——CONH——L—]/
R _< |
T O,:.;, N Z CH,R? (syn isomer)
S

|
N
N\
OCH?3
COOR!
Melting point IR(KBr)
—R! —R?2 R4— (*C.) em~ L veoo
a o 94-.101 1775,
(decomp.) 1720,
1670
1. / (decomp.) 1745,
\ 1655
N =
CH;
ounds shown in Table 17 and Table 18 were obtained.
EXAMPLE 21 P

By carrying out the reaction and treatment in the
same manner as in Example 17 or Example 18, the com-

TABLE 17
N S
C——CONH
Trifluoroacetic acid.HgN—<' l ||T
. I“\ Z N P CH;R? (syn isomer)
S O
OCH;
COOH
Melting {R(KBr)
Compound point em— L
R- (°C.) VC=0 NMR(dg-DMSO) ppm value:
N=N 153-159 1775, 1.27(3H, t, J=THz, =CH;CH3), 2.82(2H, q, J=7Hz,
/ (decomp.) 1670, —
—N - 1630 - (H2CH3), 3.43(2H, s, Cy—H}, 3.85(3H, s, —OCH3),
\ | 5.13(1H, d, J=5Hz, C¢~H), 5.5-5.9(3H, m,
N =\ S N
CH,CH3 | . Cr=—H), 6.74(1H, s, H ), 9.64(1H,
o~ CH,— S H
d, J=8Hz, —CONH)
N=N 156-159 1765, 2.10(3H, s, —COCHS3), 3.44(2H, s, Co~H), 3.82(3H,
/ (decomp.) 1700, s, =OCH3), 5.14(1H, d, J=6Hz, Cg—H), 5.55-5.85
—N 1665, S N
\ 1630
N = (3H, m, , C7—H), 6.72(1H, s, ),
NHCOCH: = > B
9.05(1H, d, J=8Hz, —CONH=—), 11.02(1H, s, — CONH=)
N 135 1770, Solvent (CD3;0D)
/ (decomp.) 1705, 3.50(2H, s, C;—H), 3.98(3H, s, —OCH3), 5.00-
—N 16635, S
1630
\= N 5.50(3H, m, , Ce~H), 5.80(1H, d, J=5Hz,
e (CH e '

N
Cy—H), 7.01(1lH, s, H ), 7.97(1H, s,

s” "H

N N
/ =l /
— N ), 8.44(1H, s, —N )

=~ \= N

fas



N

N
Triﬂuorﬁacetic acid.HzN—< “
| S

~z
I
Z

z.--"'

NH>

N

O

N

N SCHj;

N

O_L

N NHCOCHj;

101

Melting
point
(°C.)

142
{(decomp.)

150
(decomp.)

121-125
(decomp.)

18]
(decomp.)

168-180
(decomp.)

5,144,027
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TABLE 17-continued

IR(KBr)
em— 1
VC=0

1775,
1660,
1630

1773,
1660,
1630

1775
1670
1630

1775,
1710,
1663,
1630

1773,
1710,
1680

1630

C=—CONH

S
| I |
N\ o = N _Z CH>R? (syn 1somer)
OCH;

COOH

NMR(d¢-DMSO) ppm value:

3.51(2H, bs, Co—H), 3.91(3H, s, —OCH3), 5.23(1H,
S

d, J=5Hz, Cg—H), 5.77(2H, bs, ), 5.85(1H,
zr—CHy—

dd, J=5Hz, J=THz, C7—H), 6.85(1H, s, NI ), 7.93
s” ~H
N
(3H, bs, —%H;), 8.95(1H,s, —H), 9.76(1H, d,

N
J=7Hz, —CONH—)

3.52(2H, bs, Co—H), 3.90(3H, s, —OCH3), 5.17(1H,
S

d, J=5Hz, Cs—H), 5.43(2H, bs, ), 5.81(1H,
2z CH>r—
&
dd, J=5Hz, J=8Hz, C7—H), 6.29(3H, bs, =~NH3), 6.81
N N
(1H, s, ll ), 9.31(1H, s, >—@, 9.67(1H, 4,
s~ TH N

J=8Hz, —CONH—)

3.53(2H, bs, Co—H), 3.88(3H, s, = OCH3), 5.18(1H,
S

d, J=5Hz, Cg—H), 5.48-5.88(3H, m, .
-~ CH—

N

Cs=—H), 6.83(1H, s, || ), 9.66(1H, d, J=E8Hz,
s” ~H

—CONH=—)

2.51(3H, s, —SCH3), 3.50(2H, bs, C2—H), 3.93(3H,
S

s, =—0OCH3), 4.96-5.34(3H, m, , Ce—H),
s CHz“""

5.80(1H, dd, J=5Hz, J=8Hz, C7—H), 6.85(1H, s,
N

N .
Il ), 8.40(1H, s, .}— H), 9.69(1H, d, J=8Hz,
N

s” “H
—CONH—)

2.02(3H, s, —COCH3), 3.42(2H, bs, C;—H), 3.86
S

(3H, s, —OCH3;), 4.75-3.55(3H, m, "
-~ CH;—

Ce=——H), 5.68(1H, dd, Y=5Hz, J=8Hz, C7—H), 6.76(1H,
N

N
S, “ ), 8.24(1H, s, />'—E), 9.60(1H, d,
N

s” “H
J=8Hz, ~-CONH—)
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N
Trifluoroacetic acid.HgN% ||
S

Melting
Compound point
R’ °C.)
N N 141-144
‘ O /I\ (decomp.)
N CH3
183
(decomp.)
= NHCO .
O
— NHCOCH; 166
(decomp.)
137-141
(decomp.)
—NHCO

5,144,027
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TABLE 17-continued

IR(K.Br)

1778,
1710

1630

1775,
1710

1620

1760,
1660,
1630

|
N
AN

S
CWCDNH—-[—]/
e N CH5R? (syn isomer)
o0~ /

OCH;

COOH

NMR(d¢-DMSO) ppm value:

Solvent (CD30D)
2.39(3H, s, —CH3), 3.56(2H, bs, C;—H), 4.03(3H,
S

S,. - (QOCH3)}, 4.92-5.37(3H, m, , CeH),
zr CHy=

N |
5.86(1H, d, J=5Hz, C;—H), 7.0(1H, s, ” ),
s” "H
N

8.63(1H, s, ,>—- H)

N

S

3.52(2H, bs, C2H), 3.62-4.27(2H, m, ),
-~ CHy»

3.88(3H, s, —OCH3), 5.07(1H, d, J=3Hz, C¢g—H),
5.75(1H, dd, J=5Hz, J=8Hz, Cy=~~H), 6.54(1H, dd,

H
N
J=2Hz, J=4Hz, ), 6.81(1H, s, “ ),
O S H
H

7.08(1H, d, J=4Hz, ), 7.73(1H, d, J=2Hz,

0
ﬂ ), 8.25-8.67(1H, m, =NHCO=), 9.64(1H,

o ‘

O
d, J=8Hz, ~~CONH~)

1.85(3H, s, —COCH3), 3.42(2H, bs, C2—H), 3.86
S -

(3H, s, ~~0OCH3), 3.60-4.21(2H, m, )
. o (CH o

5.08(1H, @, J=5Hz, C¢—H), 5.67(1H, dd, J=5Hz,

N
J=8Hz, C7~—H), 6.79(1H, s, ” ), 7.84-8.26
S H

whipb—

(IH, m, ~-NHCO~), 9.61H, d, J=8Hz, -~ CONH~)

3.51(2H, bs, Ca=H), 3.85(3H, s, =~OCH3), 4.08-
S

4.50(2H, m, I ), 5.09(1H, d, J=5Hz, Cg~—H),
CHyr—

5.71(1H, dd, J=5Hz, J=8Hz, C7—H), 6.78(1H, s,

N
” ), 7.20-7.98(5H, m, ), 8.39-9.34

s” "H

l::
(4H, m, —NH3, —NHCO-), 9.59(1H, d, J=8Hz,
— CONH =)
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TABLE 17-continued

N
Trifluoroacetic acid.HgN—{ “
S

S
C—'—CONH—[—(
z N CH3R? (syn isomer)
0% s

L
N
N
OCH3
COOH
Melting IR(KBr)
Compound point cm— L .
R? (°C.) VC=0 NMR(dg-DMSO) ppm value:
155-15% 1770, 3.09, 3.50(2H, ABgq, J=18Hz, C;—H), 3.50-4.16
(decomp.) 1710 S
]
1620 (2H, m, ), 3.82(3H, s, —0OCH3), 5.10(1H,
A= CHy—
d, J=5Hz, C¢—H), 5.61(1H, dd, J=5Hz, J=8Hz,
N
C7—H), 6.73(1H, s, " ), 7.19(5H, bs, ),
s” "H
9.5%(1H, d, J=8Hz, —CONH—)
165 1770, S
(decomp.) 1710
OH | 3.05-4.14(4H, m, C>,~—H, ), 3.82(3H, s,
1630 z—CHy=
-——QCH3), 5.1(1H, d, J=5Hz, C¢—H), 5.65(1H, dd,
J=5Hz, J=8Hz, C1—H), 6.62, 7.01(4H, ABq, J=8Hz,
N
O—), 6.75(1H, s, " ), 9.55(1H, d,
s” “H
J=8Hz, —CONH-—)
TABLE 18
N S
C—CONH
Trifluoroacetic acid.HgN—< | I|~II ,
o N CH-sR
S \\ O.—-"" /
OCH;3;
COOH
(syn isomer)
| IR (KBr) IR (KBr)
R2 cm—1; V=0 R cm— 1 VC=0
— 1770, —_ 1770,
/N N 1665, /N N 1665,
N 1630 —N 1630
\
>= N N
SCHj;
CHj3
— 1770, —_ 1775,
/N N 1730, / N 1660,
—N 1665, —N 1630
\ 1630 |
! V=
CH>;COOCH;CH3
SCHj3
_— 1770 —_— 1775
N=N ’ =N ’
/ 1665, / 1665,
—N 1630 —_N 1630
\
N >= N
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TABLE 18-continued
N S
C=--CONH
Trifluoroacetic acid‘HzN—‘< | %L ;
] \ 0_,.._;,:. N P CH1R
OCH;
COOH
(syn isomer)
IR (K.Br) » IR (K.Br)
R? em— L vee o R2 cm™— b V=0
— 1770, N 1775,
/N N 1730, N7 _ N 1670,
N 1670, O 1630
\ 1630
N CN
COOCH,>CHj;
— 1775, 1770,
/N N 1740, 1710
—N 1670,
1630 g COOH 1620
)= N
COOCH-CHj;
N N 1775, 1770,
O 1725, 1710
=Y L 1660,
N COOCH,CH; 1630 g COOCH3 1620
N 1775 1770
— d '
N7 N 1730, 1710
1665,
1630 O COOH 1620
COOCH;
COOCH;3
EXAMPLE 22 .

(1) In 25 m] of anhydrous methylene chloride was
dissolved 2.2 g of diketene and a solution of 1.85 g of

chlorine in 20 ml of anhydrous carbon tetrachloride was 40

dropped into the resulting solution at —30° C. The
resulting solution was subjected to reaction at —30° C.
to —20° C. for 30 minutes. The reaction was dropped at
a temperature of —30° C. or below 1nto a solution of

9.63 g of diphenylmethyl 7-amino-3-[(3-chloro-1,2,4- 45

triazolyl)methyl}-A3-cephem-4-carboxylate and 4 g of
bis(trimethylsilyl)acetamide in 100 ml of anhydrous
methylene chloride, after which the mixture was sub-
jected to reaction at —30° C. to —20° C. for 30 minutes
and then at 0°~10° C. for 1 hour. After completion of the
reaction, the solvent was removed by distillation under
reduced pressure, and the residue obtained was dis-
solved 1in 100 ml of ethyl acetate and 80 ml of water.
The organic layer was separated, washed successively
with 50 ml of water and 50 ml of saturated aqueous
solution of sodium chloride and dried on anhydrous
magnesium sulfate, after which the solvent was re-
moved by distillation under reduced pressure. Disopro-
pyl ether was added to the residue, and the resulting
crystals were collected by filtration to obtain 10.7 g
(vield 89.2%) of diphenylmethyl 7-(4-chloro-3-
oxobutyramido)-3-[(3-chloro-1,2,4-triazolyl)methyl]-
A3-cephem-4-carboxylate having a melting point of
73°-75° C.

IR(KBr) cm—!: ve—p 1780, 1725, 1690-1650
~ NMR(CDClI3-D>0) ppm value: 3.19 (2H, bs, C;—H),
3.50 (2H, s, —COCH,;CO-—), 4.12 (2H, s, CICH>—),
4.88 (1H, d, J=5 Hz, Cs—H), 4.82, 5.35

50

35

65

(2H, ABq, J=15Hz, ),
A= CH =

5.72 (1H, d, J=5 Hz, C1—H), 6.90

.
(iH,s, CH-—),
/
7.26
(10H, s, x2),
7.71
N
(1H, s, 4>__H_)-
N

(2) In 40 ml of acetic acid was dissolved 6 g of diphe-
nylmethyl 7-(4-chloro-3-oxobutyramido)-3-[(3-chioro-
1,2,4-triazolyl)methyl]-A3-cephem-4-carboxylate, and a
solution of 1 g of sodium nitrite in 6 ml of water was
dropped into the resulting solution over a period of 1
hour with ice-cooling. Then, the mixture was subjected
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~ to reaction at room temperature for 2 hours. After com-
pletion of the reaction, the reaction mixture was intro-
duced into 600 mi of water to deposit crystals, which
were collected by filtration, thoroughly washed with
water and dried, to obtain 5.24 g (yield 83.3%) of diphe-
nylmethyl 7-(4-chloro-2-hydroxyimino-3-
oxobutyramido)-3-{(3-chloro-1,2,4-triazolyl)methyl}-
A3-cephem-4-carboxylate having a melting point of
93°-95° C. (decomp.).

IR(KBr) cm—1: ve—p 1780, 1720, 1700-1650

NMR(CDCI3-D>0) ppm value: 3.20 (2H, bs, Co—H),
4.59 (2H, s, CICH»—), 4.93 (1H, d, J=5 Hz, C¢—H),
4.79, 5.16

S

(2H, ABq, J=16Hz, ),
z CHy—

578 (1H, d, J=5Hz, C;—H), 6.90 (1H, s, >CH—), 7.24

(10H, s, x2),

1.71

N

(1H, s, ,>—_H_)-

N

(3) In 35 ml of N,N-dimethylformamide was dis-
solved 6.29 g of diphenylmethyl 7-(4-chloro-2-hydrox-
yimino-3-oxobutyramido)-3-[(3-chloro-1,2,4-triazolyl)-
methyl]-A3-cephem-4-carboxylate. While cooling the
solution with ice, 1.5 g of sodium carbonate and 2.1 g of
dimethyl sulfate were added thereto, and then the mix-
ture was subjected to reaction at 5°-10° C. for 1 hour.
After completion of the reaction, the reaction mixture
was introduced into 600 ml of water to deposit crystals,
which were collected by filtration and purified by a
column chromatography (Wako silica gel C-200; devel-
oping solvent, benzene:ethyl acetate=9:1), to obtain 2. 7
g (vield 42%) of diphenylmethyl 7-(4-chloro-2-(syn)-
methoxyimino-3-oxobutyramido)-3-[(3-chloro-1,2,4-
triazolyl)methyl}-A3-cephem-4-carboxylate having a
melting point of 102°-104° C. (decomp.).

IR(KBr) cm—!: ve—p 1782, 1720, 1690, 1670
- NMR(CDCl3-D;0) ppm value: 3.20 (2H, bs, C;—H),
4.05 (3H, s, —OCH3), 4.50 (2H, s, CICH;—), 4.95 (1H,
d, J=5 Hz, C¢—H), 4.82, 5.36

S

(2H, ABq, J=15Hz, )
o CHy™

5.85 (1H, d, J=5 Hz, Cs—H), 6.95 (1H, s, >CH—), 7.35

110
(10H, s, x2),
1.72
N
(1H, s, ,>—§).
N

(4) In 48 ml of N,N-dimethylacetamide were dis-
solved 6.43 g of diphenylmethyl 7-(4-chloro-2-(syn)-
methoxyimino-3-oxobutyramido)-3-[(3-chloro-1,2,4-
triazolyl)methyl]-A3-cephem-4-carboxylate and 1 g of
thiourea, and the resulting solution was subjected to
reaction at room temperature for 2 hours. After comple-
tion of the reaction, the reaction mixture was intro-
duced into a mixed solvent of 600 ml of water and 600
m] of ethyl acetate. Then, the pH thereof was adjusted
to 6.7 with sodium hydrogencarbonate, and the organic
layer was separated. The agueous layer was addition-
ally extracted with two portions of 300 ml of ethyl
acetate. The organic layer were combined, washed with
two portions of 800 ml of water and dried on anhydrous
magnesium sulfate, after which the solvent was re-
moved by distillation under reduced pressure. Diethyl
ether was added to the residue, and the resulting crys-
tals were collected by filtration, to obtain 5.87 g (yield
88%) of diphenylmethyl 7-[2-(2-aminothiazol-4-yl)-2-
(syn)-methoxyiminoacetamido]-3-[(3-chloro-1,2,4-
triazolyl)methyl]-A3-cephem-4-carboxylate having a
melting point of 155°-157° C. (decomp.).

IR(KBr) cm—1: ve—p 1781, 1725, 1672

NMR(CDCl3-D;0) ppm value: 3.20 (2H, bs, C;—H),
3.86 (3H, s, —OCHj3), 4.99 (1H, d, J=5 Hz, C¢—H),
4,82, 5.41

S

(ZH, ABq, J=16Hz, ),
A= CHy—

5.96 (1H, d, J=5 Hz, C;—H), 6.62
| N
(1K, s, >—-E)
N

6.92 (1H, s, >CH—), 7.28

(10H, s, x2),

1.71

N

(1H, s, >—ﬂ).

N

(5) In a mixed solvent of 35 m! of trifluoroacetic acid
and 10 ml of anisole was dissolved 6.65 g of diphenyl-
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methyl 7-[2-(2-aminothiazol-4-y1)-2-(syn)-methox-
yiminoacetamido]-3-[(3-chloro-1,2,4-triazolyl)methyl]-
A3-cephem-4-carboxylate, and the resulting solution
was subjected to reaction at room temperature for 1
hour. After completion of the reaction, the solvent was
removed by distillation under reduced pressure, and
diethy] ether was added to the residue, after which the
resulting crystals were collected by filtration, thor-
oughly washed with diethyl ether and dried to obtain
5.71 g (vi1eld 93.2%) of trifluoroacetic acid salt of 7-[2-
(2-aminothiazol-4-yl)-2-(syn)-methox-
yiminoacetamido]-3-[(3-chloro-1,2,4-triazolyl)methyl]-

A3-cephem-4-carboxylic acid having a melting point of

162° C. (decomp.).

The physical properties (IR and NMR data) of this
compound were identical with those of the product
obtained in Example 17-(2).

EXAMPLE 23

In 50 ml of anhydrous tetrahydrofuran were dis-
solved 2.24 g of 4-bromo-3-0x0-2-methoxyiminobutyric
acid, 2.0 g of 1-oxybenztriazole and 4.62 g of diphenyi-
methyl 7-amino-3-{(3-chloro-1,2,4-triazolyl)methyl]-A3-
cephem-4-carboxylate, and the solution was cooled to
5° C. Then, 2.5 g of N,N’'-dicyclohexylcarbodiimide
was added, and the resulting mixture was subjected to
reaction at the same temperature for 30 minutes and
then at room temperature for 5 hours. After completion
of the reaction, the insoluble matter was removed by
filtration and the solvent was removed from the filtrate
by distillation under reduced pressure. To the residue

was added 40 ml of ethyl acetate, and a small quantity of 3s

insoluble matter was removed by filtration, after which
the ethyl acetate solution was washed successively with
5% by weight aqueous solution of sodium hydrogencar-
bonate and water, and dried on anhydrous magnesium
sulfate. The solvent was then removed by distillation
under reduced pressure. The residue thus obtained was
purified by a column chromatography (Wako silica gel
C-200; developing solvent, benzene:ethyl acetate=9:1)
to obtain 3.65 g (yield 54.6%) of diphenylmethyl 7-(4-
bromo-2-methoxyimino-3-oxobutyramido)-3-[(3-
chloro-1,2,4-triazolyl)methyl]-A3-cephem-4-carboxy-
late having a melting point of 91°-94° C. (decomp.).
IR(KBr) cm—1!: vc—p 1780, 1720, 1680
NMR(de-DMSO) ppm value: 3.55 (2H, bs, C;—H),
3.84 (3H, s, —OCH3), 4.16 (2H, s, BrCH;—), 4.99-5.53

S

(3Hr m: 3 Cﬁ_H)!
e CH 5 =

5.87 (1H, dd, J=5 Hz, J=8 Hz, C—H), 7.06 (1H, s,
~CH—), 7.40

(10H, bs, x2),

8.04

112

N

(1H, s, ,>—'_H__],

5 N

10.01 (1H, d, J=8 Hz, —CONH—).
In the same manner as above, the following com-
pound was obtained:

10 Diphenylmethyl 7-(4-bromo-2-methoxyimino-3-
oxobutyramido)-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl}-A3-cephem-4-carboxylate
Melting point: 80°-82° C. (decomp.)

IR(KBr) cm—!: vc—p 1780, 1720, 1680

15 NMR(CDCIl;) ppm value: 2.41

N
(3H, s, ,}-—crig_),
20 N

3.16 (2H, bs, C,—H), 4.00 (3H, s, —OCH3), 4.25 (2H, s,
BrCH,-), 4.88 (1H, d, J=5 Hz, C¢—H), 5.38

25 S

(2H, bs, ),
P CHy™

5.78 (1H, dd, J=5 Hz, J=8 Hz, C—H), 6.81 (1H, s,
>CH—), 7.18

30

(IOH, bS, xz_)i

9.10 (1H, d, J=8 Hz, —CONH—).
EXAMPLE 24

In 50 ml of anhydrous tetrahydrofuran were dis-
solved 1.45 g of 3-ox0-2-methoxyiminobutyric acid, 2.0
g of l-oxybenztriazole and 4.62 g of diphenylmethyl
7-amino-3-[(3-chloro-1,2,4-triazolyl)methyl}-A3-ceph-
em-4-carboxylate and the solution was cooled to 5° C.
Then, 2.5 g of N,N'-dicyclohexylcarbodiimide was
added thereto and the resulting mixture was subjected
to reaction at the same temperature for 30 minutes and
350 then at room temperature for 5 hours. After completion
of the reaction, the insoluble matter was removed by
filtration, and the solvent was removed from the filtrate
by distillation under reduced pressure. To the residue
was added 40 m] of ethyl acetate, and a small quantity of
insoluble matter was removed by filtration, after which
the filtrate was washed successively with 5% by weight
aqueous solution of sodium hydrogencarbonate and
water, and dried on anhydrous magnesium sulfate. The
solvent was removed by distillation under reduced pres-
sure. The residue thus obtained was purified by a col-
umn chromatography (Wako silica gel C-200; develop-
ing solvent, benzene:ethyl acetate=8:1) to obtain 3.7 g
(vield 62.8%) of diphenylmethyl 7-(2-methoxyimino-3-
oxobutyramido)-3-[(3-chloro-1,2,4-triazolyl)methyl]-
A3-cephem-4-carboxylate having a melting point of
102°~103° C. (decomp.).

IR(KBr) cm—!: ve—p 1775, 1740, 1670

40

45

35

65
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NMR(d¢-DMSO) ppm value: 2.31 (3H, s, —COCH3),
3.47 (2H, bs, C;—H), 4.00 (3H, s, —OCH3), 4.90-5.40

S

(3H, m, Cs—H, ),
z—CHy™

5.89 (1H, dd, J=8 Hz, J=5 Hz, C+—H), 6.93 (1H, s,
—CH <), 7.30

(10H, s, x2),

7.95

N

(1H, s, ,>—_H__),

N

943 (1H, d, J=8 Hz, —CONH—).

In the same manner as above, the following com-
pound was obtained:

Diphenylmethyl 7-(2-methoxyimino-3-oxobutyramido)-
3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-
4-carboxylate
Melting point: 88°-90° C. (decomp.)

IR(KBr) cm—!: ve—p 1775, 1720, 1685, 1670
NMR(de-DMSO) ppm vatue: 2.27 (3H, s, —COCH3),
2.37

N

(3H, s, >— CH3;),

N

3.46 (2H, bs, C,—H), 3.93 (3H, s, —OCH3), 5.10 (1H, d,
J=5 Hz, C¢e—H), 5.42

S

(2H, bs, )
zm—CHy—

5.82 (1H, dd, J=5 Hz, J=8 Hz, C;—H), 6.82 (1H, s,

(10H, bs, x2),

9.27 (1H, d, J=8 Hz, —CONH-—).

EXAMPLE 25

(1) In 90 ml of anhydrous methylene chloride was
suspended 296 g of 7-amino-3-[(3-chloro-1,2,4-
triazolyl)methyl}-A3-cephem-4-carboxylic acid and 2.02
g of triethylamine and 1.7 g of diketene were added to
the suspension with ice-cooling, after which the mixture
was subjected to reaction at 5°~10° C. for 4 hours. After
completion of the reaction, 100 ml of water was added
to the reaction mixture, and the aqueous layer was sepa-
rated. Then, 100 ml of ethyl acetate was added to the
aqueous layer, and the pH thereof was adjusted to 1.0

10

15

20

25

30

33

45

50

55
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with 2 N hydrochloric acid. After removing a shght

quantity of insoluble matter, the organic layer was sepa-
rated and dried on anhydrous magnesium sulfate. With
stirring, about 1.6 g of diphenyldiazomethane was
slowly added thereto and the resulting mixture was
subjected to reaction for about 30 minutes. After com-

pletion of the reaction, the solvent was removed by

distillation under reduced pressure. Isopropyl ether was
added to the residue, and the resulting crystals were
collected by filtration, thoroughly washed with 1sopro-
pyl ether and then dried to obtain 3.3 g (yield 60.4%) of
diphenylmethyl 7-(3-oxobutyramido)-3-[(3-chloro-
1,2,4-triazolyl)methyl]-A3-cephem-4-carboxylate hav-
ing a melting point of 75°-77° C. (decomp.).

IR(KBr) cm—1: ve—p 1775, 1720, 1670

NMR(d¢-DMSO) ppm value: 2.17 (3H, s, —COCH3),
3.48 (4H, bs, C;—H, —COCH;CO—), 5.00-5.40

S

(SH, m, Cﬁ_H, )1
z—CHr—

5.86 (1H, dd, J=8 Hz, J=5 Hz, C7—H), 6.99 (1H, s,
—CH<), 7.36

(10H, s, x2),

8.03

N

(1H, s, />— H),

N

9.12 (1H, d, J=8 Hz, —CONH—).

In the same manner as above, the following com-
pound was obtained: |
Diphenylmethyl 7-(3-oxobutyramido)-3-{2-(5-methyl-

1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-carboxylate

Melting point: 84°-86" C. (decomp.)

IR(KBr) cm—!: vc—po 1780, 1720, 1670 NMR(d¢-
DMSO) ppm value: 2.06 (3H, s, —COCH3), 2.31

N

(3H, s, >—C&),

N

3.34 (2H, s, —COCH,CO—), 3.46 (2H, bs, C;—H), 5.00
(1H, d, J=5Hz, C¢—H), 5.31

S

(2H, bs,
=z~ CHy=),

5.63 (1H, dd, J=5 Hz, J=8 Hz, C+—H), 6.71 (1H,
s,>CH—), 7.06

(10H, bs, X 2),
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8.75 (1H, d, J=8 Hz, —CONH-).
(2) The diphenylmethyl 7-(3-oxobutyramido)-3-[(3-
chloro-1,2,4-triazolyl)methyl}-A3-cephem-4-carboxy-
late obtained in above (1) was subjected to reaction and 3
treatment in the same manner as in Example 22-(2) to

diphenylmethyl 7-(2-hydroxyimino-3-
oxobutyramido)-[{3-(3-chloro-1,2,4-triazolyl)methyl]-

obtain

A3-cephem-4-carboxylate having a melting point of 10
108°-110° C. (decomp.). |

IR(KBr) cm—1: ve—p 1780, 1720, 1680 NMR(d¢-
DMSQO) ppm value: 2.32 (3H, s, —COCH3), 3.44 (2H,

bs, Co—H), 4.90-5.40 15

S
(3H, m, C¢—H,
== CH3—),

5.88 (1H, dd, J=8 Hz, J=5 Hz, C;—H), 6.94 (1H, s,

20

—CH <), 7.33
<) )5
(10H, s, % 2),
30

8.00

N 35

(1H, s, >—§_),
N

9.30 (1H, d, J=8 Hz, —CONH—), 12.82 (1H, s,

=N—OH).

In the same manner as above, the following com-
pound was obtained:

Diphenylmethyl 7-(2-hydroxyimino-3-oxobutyramido)-
3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-
4-carboxylate
Melting point: 102°-105° C. (decomp.)

IR(KBr) cm—!: ve—p1780, 1720, 1680
NMR(de-DMSO) ppm value: 2.25 (3H, s, —COCH3),
2.35

45
50

33
N

GH, s, }0@,

N

3.44 (2H, bs, Co—H), 5.05 (1H, d, J=5 Hz, Cs—H), 5.37

S

(2H, bs,
z-—CH3—),

65
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5.76 (1H, dd, J=5 Hz, J=8 Hz, C;—H), 6.71 (1H, s,

~CH—), 7.11

9.04 (1H, d, J=8 Hz, —CONH-—).

(3) The diphenylmethyl 7-(2-hydroxyimino-3-
oxobutyramido)-3-[(3-chloro-1,2,4-triazolyl)methyl]-
A3.cephem-4-carboxylate and diphenylmethyl 7-(2-
hydroxyimino-3-oxobutyramido)-3-[2-(5-methyl-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylate ob-
tained in above (2) was subjected to reaction and treat-
ment in the same manner as in Example 22-(3) to obtain
diphenylmethyl 7-(2-methoxyimino-3-oxobutyramido)-
3-[(3-chloro-1,2,4-triazolyl)methyl}-A3-cephem-4-car-
boxylate having a melting point of 102°-103" C. (de-
comp.) and diphenylmethyl 7-(2-methoxyimino-3-
oxobutyramido)-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate having a melting point
of 88°-90° C. (decomp.).

The physical properties (IR and NMR) of these com-
pounds were identical with those of the compounds
obtained in Example 24.

EXAMPLE 26

In 120 ml of dry tetrahydrofuran was dissolved 5.89 g
of diphenylmethyl 7-(2-methoxyimino-3-
oxobutyramido)-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate, and thereto was added
1.34 g of aluminum chloride. To the solution was added
to 5.00 g of pyndinium hydrobromide perbromide at
room temperature, and the resulting mixture was stirred
at said temperature for 30 minutes. After completion of
the reaction, the solvent was removed by distillation
under reduced pressure, and to the residue were added
50 ml of ethyl acetate and 50 ml of water. A small
amount of insoluble matter was removed by filtration,
and the organic layer was separated, washed with wa-
ter, and dried on anhydrous magnesium sulfate, after
which the solvent was removed by distillation under
reduced pressure. The residue thus obtained was puri-
fied by a column chromatography (Wako silica gel
C-200; developing solvent, benzene:ethyl acetate =9:1),
to obtain 4.13 g (yield 61.8%) of diphenylmethyl 7-[4-
bromo-2-methoxyimino-3-oxobutyramido)-3-[2-(5-
methyl-1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-car-
boxylate having a melting point of 80°-82° C. (de-
comp.).

EXAMPLE 27

By subjecting various starting compounds to the
same reaction as in Example 22, the corresponding
objective compounds shown in Table 19 were obtained.

The physical properties of these compounds were
identical with those of the compounds produced in
Example 21.
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TABLE 19
N S
C—CONH
Trifluoroacetic acid.HgN% I I|~|I
b+ N CH,R?
S N 0% ‘/
| OCH3
COOH
(syn isomer)
R2 R2 R?2
N=N N=N N=N
/ / /
- N “=N —N
\ \
>= N N N
CH,CH;
CH;
N=N N=N N=N
/ / /
—N - N —N
\
. )= » = x
NHCOCH;
CH,CH;
N=N N=N N=N
/ / /
—N —N - N
\ \ \
N &= N N
CH>COOCH,CH3 SCH;3 COOCH,CHj;
N=N N=N N=N
/ / /
-—N —N —N
\
v = V= )=
SCH3 COOCH,>CH;
—NHCOCH;

—NHCOﬂ —NHCO@
O

e Tl Tl

S COOH S COOCH;
R2 R2
N=N N N
/ O
_N\ < N )\coocmcm
N
NH;
N N /N
0L ]
\= N
15
N SCH3 )=<
COOCHj;
COOCH;
N N ~N
N N
<O _I O
N NHCOCH;
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TABLE 19-continued

120

| N 8
C--CONH
Trifluoroacetic acid.HgN—< ‘ {
N N CH;R?Z
-~ 2
S N\ o~ =

OCH;

COOH

OH

EXAMPLE 28

(1) In 40 ml of acetic acid was dissolved 6.25 g of
diphenylmethyl 7-(4-bromo-3-oxobutyramido)-3-[2-(5-
methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-car-
boxylate obtained in Example 12-(1), and to the solution
was dropwise added a solution of 1 g of sodium nitrite
in 6 ml of water with ice-cooling over a period of 1
hour. Then, the mixture was subjected to reaction at
room temperature for 2 hours. After completion of the
reaction, the reaction mixture was introduced into 600 25
ml of water to deposit crystals, which were collected by
filtration, thoroughly washed with water and dried to
obtain 5.43 g (yield 83.0%) of diphenylmethyl 7-(4-
bromo-2-hydroxyimino-3-[2-(5-methyl-1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylate having a
melting point of 97°-100° C.

IR(KBr) cm—1: vo—p 1780, 1720, 1695-1650

NMR(CDCIl3) ppm value: 2.49

20

30

N 35
(3H, s, >—CI'_I_§),
N
3.23 (2H, s, C;—H), 4.42 (2H, s, BrCH,—), 4.92 (1H, d, 4
J=35 Hz, Cse—H), 5.32, 5.70
S
(2H, ABq, ] = 16Hz, ),
' ;I'CEI}_"" 45

5.78 (1H, d, J=5 Hz, C7—H), 6.89 (1H, s, >CH—), 7.23

30

(10H, s, X 2),

35
9.10 (1H, 4, J=8 Hz, —CONH-—).

(2) In 35 ml of N,N-dimethylacetamide were dis-
solved 6.54 g of diphenylmethyl 7-(4-bromo-2-hydrox-
yimino-3-oxobutyramido)-3-[2-(5-methyl-1,2,3,4-tet-
razolyl)methyl]-A3-cephem-4-carboxylate and 1 g of 60
thiourea, and the solution was subjected to reaction at
room temperature for 2 hours. After completion of the
reaction, the reaction mixture was introduced into a
mixed solvent of 500 ml of water and 500 ml of ethyl
acetate. Then, the pH of the mixture was adjusted to 7.0 65
with sodium carbonate, and the organic layer was sepa-
rated. The aqueous layer was additionally extracted
with two portions of 200 ml of ethyl acetate. The or-

(syn isomer)

ganic layers were combined and dried on anhydrous
magnesium sulfate, after which the solvent was re-
moved by distillation under reduced pressure. The resi-
due was purified by a column chromatography (Wako
sihica gel C-200; developing solvent, chloroform:me-
thanol=20:1) to obtain 3.2 g (yield 50.7%) of diphenyl-
methyl 7-[2-(2-aminothiazol-4-y1)-2-(syn)-hydrox-
yiminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate having a melting point
of 164" C. (decomp.).

IR(KBr) cm—L: v 1780, 1730, 1670

NMR(dg-DMSO) ppm value: 2.40

N

(3H, s, >—C_P_i_31),

N

3.41 (2H, bs, C;—H), 5.14 (1H, d, J=5 Hz, C¢—H),
5.20-6.10

S

(3H, m, ,
o~ CHy—

Cy—H),

6.63

N
(I1H, s, " ),

s” "H

6.90 (1H, s, >CH—), 7.28

(10H, s, X 2),

9.46 (1H, d, J=8 Hz, —CONH—).

(3) In a mixed solvent of 32 ml of trifluoroacetic acid
and 10 ml of anisole was dissolved 6.31 g of diphenyl-
methyl 7-[2-(2-aminothiazol-4-y])-2-(syn)-hydrox-
yiminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate, and the solution was
subjected to reaction at room temperature for 1.5 hours.
After completion of the reaction, the solvent was re-
moved by distillation under reduced pressure, and di-
ethyl ether was added to the residue. The resulting
crystals were collected by filtration, thoroughly
washed with diethyl ether and dried to obtain 5.33 g
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(vield 92.1%) of trifluoroacetic acid salt of 7-[2-(2-
aminothiazol-4-y1)-2-(syn)-hydroxyiminoacetamido}-3-
[2-(5-methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-
carboxylic acid having a melting point of 175° C. (de-
comp.). 5
IR(KBr) cm—!: ve—p 1770, 1680-1630
NMR(ds-DMSO) ppm value: 2.43

N

(3H, s, >~—CE),

N

10

3.41 (2H, bs, Cy—H), 5.13 (1H, d, J=5 Hz, C¢—H),

5.26-5.935 15

S

(3H, m, ¥ CT_ H)! '
wr—CHy— |

20
6.67

) 25

N
(1H, s, " ,

s” "H

948 (1H, d, J=8 Hz, —CONH—).
In the same manner as above, the following com-
pounds were obtained: |
Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-4-yl])-2-
(syn)-hydroxyiminoacetamido]-3-benzyl-A-cephemn-
4-carboxylate acid
Melting point: 139° C. (decomp.)
IR(KBr) cm—1: ve—p 1760, 1710, 1660
NMR(d¢-DMSO) ppm value: 3.40 (2H, bs, C;—H),
3.89

30
35
S ' 40

(2H, bs,
=z CHy=),

5.18 (1H, d, J=4 Hz, C¢—H), 5.50-5.84 (1H, m,

C7—H), 6.89 45
NI
(IH’ 5, ‘ ):
S¢ H >0
7.25
53
(SH, s, )
8.20-9.95 (4H, m, —NH3;, —CONH—). 60

Trifluoroacetic acid salt of 7-[2-(2-aminothiazol-4-y1)-2-
(syn)-hydroxyiminoacetamido}-3-acetamidomethy]l-
A3-cephem-4-carboxylic acid
IR(KBr) cm—!: ve—p 1775, 1710-1620
(4) The trifluoroacetic acid salt of 7-[2-(2-amino-

thiazol-4-yl)-2-(syn)-hydroxyiminoacetamido}-3-

acetamidomethyl-A3-cephem-4-carboxylic acid ob-
tained 1n above (3) was subjected to reaction and treat-

65

122

ment in the same manner as in Example 8-(3) to obtain

the following compound:

Sodium 7-[2-(2-aminothiazol-4-yl)-2-(syn)-hydrox-
yiminoacetamido]-3-acetamidomethyl-A3-cephem-4-
carboxylate
Melting point: >200° C.

IR(KBr) cm—!: vc—p 1750, 1680, 1665, 1605
NMR(D;0) ppm value: 1.98 (3H, s, —COCH3), 3.29,
3.62 (2H, ABq, J=18 Hz, C;—H), 3.86, 4.20

S

(2H, ABqg, J = 14Hz, ),
z—CHy=—

5.11 (1H, d, J=5 Hz, C¢—H), 5.76 (1H, d, J=5 Hz,

C;—H), 6.84
N
(1H, s, I[ ).

s” ~H

EXAMPLE 29

(1) In 13 ml of N,N-dimethylacetamide was dissolved
249 g of 2-(2-chloroacetamidothiazol-4-yl)-giyoxylic
acid, and to the solution was dropwise added 3.07 g of
phosphorus oxychloride at —20° C. The resulting mix-
ture was subjected to reaction at —20° C. to —10° C.
for 1 hour, and 4.62 g of diphenylmethyl 7-amino-3-|2-
(5-methyl-1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-car-
boxylate was added. The resulting mixture was sub-
jected to reaction at —20° C. to —10° C. for 30 minutes
and then at room temperature for 30 minutes. After
completion of the reaction, the reaction mixture was
introduced into a mixed solvent of 40 ml of water and 60
ml of ethyl acetate. Then, the pH thereof was adjusted
to 7.0 with sodium hydrogencarbonate, and the organic
layer was separated, washed with 30 m! of water and
dried on anhydrous magnesium sulfate. The solvent was
removed by distillation under reduced pressure, and
diethyl ether was added to the resulting residue, after
which the resulting crystals were collected by filtration,
to obtain 6.35 g (yield 91.6%) of diphenylmethyl 7-[2-
(2-chloroacetamidothiazol-4-yl)-glyoxylamido}-3-f2-(5-
methyl-1,2,3,4-tetrazoly)methyl]-A3-cephem-4-car-
boxylate having a melting point of 115°-119° C.

IR(KBr) cm—1!: ve—p 1780, 1720, 1670

NMR(ds-DMSO) ppm value: 2.46 (3H, s, —CH3),
3.62 (2H, bs, C,—H), 4.47 (2H, s, CICH;—), 5.37 (1H, d;
J=35 Hz, C¢—H), 5.63

S

(2H, bs,
=z CHy=),

6.06 (1H, dd, J=5 Hz, J=8 Hz, C;—H), 7.07 (1H, s,
> CH—), 7.41

(10H, bs, X 2),

8.52
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N
(1H, s, II ),

S H g

10.07 (1H, d, J=8 Hz, —CONH—).
In the same manner as above, the following com-
pound was obtained:

Diphenylmethyl 7-[2-(2-chloroacetamidothiazol-4-yl)- 10
glyoxylamido]-3-[(3-chloro-1,2,4-triazolylymethyl]-
A3-cephem-4-carboxylate
Melting point: 121°-123° C. (decomp.)

IR(KBr) cm—1: veep 1775, 1720, 1663 y

NMR(ds-DMSO) ppm value: 3.52 (ZH, bs, Co—H),
443 (2H, s, CICHy—), 4.94-5.57

S

(3H, m, C¢g~—H,
= CHy=—),

5.98 (1H, dd, J=5 Hz, J=8 Hz, C3—H), 7.00 (1H, s,
>CH-—), 7.07-7.67

20

25
(10H, m, X 2),
30
7.99
N
(1H, s, %5_)* 35
N
8.42
40
N
(1H, s, I ),
S H
9.93 (1H, d, J=8 Hz, —CONH—). 4
(2) In 30 ml of methanol was dissolved 0.84 g of me-
thoxyamine hydrochloride, and 0.76 g of triethylamine
was added thereto, after which 3.46 g of the diphenyl-
methyl 7-[2-(2-chloroacetamidothiazol-4-yl)-glyox- 50

ylamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)methyl}-A3-
cephem-4-carboxylate obtained in above (1) was added
thereto. The resulting mixture was subjected to reaction
at room temperature for 3 hours. After completion of
the reaction, the solvent was removed by distillation s
under reduced pressure, and 30 ml of water and 30 ml of
ethyl acetate were added to the residue, after which the
organic layer was separated, washed with 20 ml of
water and dried on anhydrous magnesium sulfate. The
solvent was then removed by distillation under reduced ¢o
pressure. Diethyl ether was added to the residue, and
the resulting crystals were collected by filtration to
obtain 2.80 g (yield 77.6%) of diphenylmethyl 7-[2-(2-
chloroacetamidothiazol-4-yl)-2-(syn)-methox-
yiminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me- 65
thyl]-A3-cephem-4-carboxylate having a melting point
of 129°-132° C. (decomp.).

IR(KBr) cm—!: ve—p 1780, 1720, 1675

124
NMR(d¢-DMSO) ppm value: 2.44 (3H, s, —CH3),
3.53 (2H, bs, C:—H), 3.88 (3H, s, —OCH:3), 4.38 (2H, s,
CICH,—), 5.26 (1H, d, J=5 Hz, Ce—H), 5.55

S

(2H, bs,

5.96 (1H, dd, J=5 Hz, J=8 Hz, C-—H), 6.92 (1H, s,
>CH—), 7.00-7.63

N .
(11H, m, X2, ” ),
s” TH

9.73 (1H, d, J=8 Hz, —CONH~—).

In the same manner as above, the following com-
pound was obtained:

Diphenyimethyl 7-[2-(2-chloroacetamidothiazol-4-yl)-
2-(syn)-methoxyiminoacetamido]-3-[(3-chloro-1,2,4-
triazolyl)methyl]-A3-cephem-4-carboxylate
Melting point: 120°-124° C. (decomp.)

IR(KBr) cm~!: ooc—0 1780, 1720, 1675
NMR(d¢-DMSO) ppm value: 3.50 (2ZH, bs, C,—H),
3,90 (3H, s, —OCH»3), 4.41 (2H, s, CICHy-—), 4.99-5.41

S

(3H, IT1, Cﬁ“_H, ):-
= CHy=—

5.98 (1H, dd, J=35 Hz, J=8 Hz, C7—H), 6.96

N
(1H,s, CH=),

7.03-7.67

N
X 2, I ),

(11H, m,
S H

7.99

N
(1H, s, ,}—H)
N

9.73(1H, d, J=8 Hz, —CONH—).

(3) In 10 m]l of N,N-dimethylformamide was dis-
solved 2.0 g of the diphenylmethyl 7-[2-(2-
chloroacetamidothiazol-4-yl)-2-(syn)-methox-
yiminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate obtained in above (2),
and 0.27 g of thiourea was added thereto, after which
the mixture was subjected to reaction at room tempera-
ture for 3 hours. After completion of the reaction, the
reaction mixture was introduced into a mixed solvent of
20 ml of water and 30 ml of ethyl acetate, and the pH
thereof was then adjusted to 7.0 with sodium hydrogen-
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carbonate. The organic layer was separated, washed 592 (1H, dd, J=5 Hz, J=8 Hz, C.—H), 6.77
successively with 15 ml of water and 15 ml of saturated
aqueous solution of sodium chloride and dried on anhy- N
drous magnesium sulfate, after which the solvent was :[
removed by distillation under reduced pressure. Diethyl 5 (1H, s
ether was added to the residue, and the resulting crys-
tals were collected by filtration, to obtain 1.45 g (yield
81.09%) of diphenylmethy! 7-[2-(2-aminothiazol-4-yl)-2-  6.97 (1H, s, >CH—), 7.34
(syn)-methoxyiminoacetamido]-3-[2-(5-methyl-1,2,3,4-
tetrazolyl)methyl]-A3-cephem-4-carboxylate having a 10
melting point of 102°-105° C. (decomp.).

IR(KBr) cm—!: ve—p 1778, 1720, 1660 (10H, bs, X 2),

NMR(d¢-DMSO) ppm value: 2.43 (3H, s, —CHj3),
3.45 (2H, bs, C,—H), 3.84 (3H, s, —OCH3), 5.29 (1H, d,

E),

J=5 Hz, C¢—H), 5.52 15 8.01
5 N
(2H, bs, :L ), | (1H, s, ,>—§),
o~ C}E— 20 N
5.93 (1H, dd, J=5 Hz, J=8 Hz, C7—H), 6.78 9.67 (1H, d, J=8 Hz, —CONH-—).

(4) The compound obtained in above (3) was sub-
jected to reaction and treatment 1n the same manner as

N
|| 25 in Example 17-(2) to obtain the compounds shown in
(1H, s, ) Table 20.
- TABLE 20
6.91 (1H, s, >CH—), 7.32 S
C—CONH—L——,/
30 Tnfluomacetlc
acid. NH; N P CH,R?
(10H, bs, X 2), OCH;; o
(syn isomer)

33 Compound (R?) -Meltin int (°C.)

9.64 (1H, d, J=8 Hz, —CONH—). D — lgs "": '
In the same manner as above, the following com- N=N -125 (decomp.)

pound was obtained: _N/

Diphenylmethyl -7-[2-(2-aminothiazol-4-yl)-2-(syn)- \
methoxyiminoacetamido]-3-[(3-chloro-1,2,4- 40 N =
triazolyl)methyl]-A3-cephem-4-carboxylate CHA
Melting point: 118°-122° C. (decomp.)

IR(KBr) cm~1: ve—p 1775, 1720, 1660 N N 162 (decomp.)
NMR(d¢-DMSO) ppm value: 3.42 (ZH, bs, Co—H),
3.84 (3H, s, —OCH), 4.99-5.39 45 CO_L
S |
(3H, m, | , C6—H), . EXAMPLE 30
o CHy—

— 50 By subjecting various starting compounds to the
same reaction as in Example 29, the corresponding
compounds shown in Table 21 were obtained.

TABLE 21
S
C—CONHTr
Trifluoroacetic acid. HzN—< N
Z CH;R?
OCH3
COOH
(syn 1somer)
R2 R R2
N=N N=N N=N
/ / /
~N =N ~=N

)= N )= x

CH; SCH3 COOCH,;CH;3;
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TABLE 21-continued

S
| N - ﬁ‘-—-CONH—-[—-(
Tnfluoroacetic acid.HgN—< N ,...-- N
I | 0~ 2" CH,R?
S OCH;

COOH
(syn 1somer)
R? R? R2
N=N N=N N=N
/ / /
N - N - N
\ \
N -"'=\ >'= N N
NHCOCH; SCH3 NH>»
N=N N=N N=N
/ / /
e N w—N e N
\ \ \
N N N &
CH>,COOCH,CH;
== N N=N N N
""N/ '—N/ t O )\
\ N CH3
N = \=
CH,CH;
N = N N=N N N
/ [/ —t
e N —N O /k
\ N SCH3
)= x s
CH>CH; - COOCH;CH;
N N —NHCOCH; ﬂ
N )\NHCDCH 3 S COOH
N N |
+0O L eed N L1
N COOCH,CH3 g O S COOCH;
N = |
/ | |
e N : —INH=C
l ) O COOH
\= N O
N
=
—~N~ N
OH
/ COOCH;
COOCH-
N

CN

The physical properties of these compounds were
identical with those of the compounds produced in
Example 21.

128
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(1) In 50 ml of anhydrous methylene chloride was
dissolved 3.70 g of 2-[2-(benzyloxycarboxamido)-5-
chlorothiazol-4-yl}-2-(syn)-methoxyiminoacetic  acid,
and 1.06 g of N-methylmorpholine was added to the
solution, after which the reaction mixture was cooled to
—35° C. Then, 1.12 g of ethyl chlorocarbonate was
added thereto and the resulting mixture was subjected
to reaction at —30° C. to —20° C. for 2 hours, after
which a solution of 4.37 g of diphenylmethy! 7-amino-3-

10

acetamidomethyl-A3-cephem-4-carboxylate in 50 ml of
anhydrous chloroform was dropped thereinto. The 15
resulting mixture was subjected to reaction at —20° C.
to — 10° C. for 1 hour and then at room temperature for
3 hours. After completion of the reaction, the solvent
was removed by distillation under reduced pressure, 20
and the residue thus obtained was dissolved in 50 ml of
ethyl acetate and 40 ml of water, after which the or-
ganic layer was separated. Again, 40 ml of water was ’s
added to the organic layer and the pH thereof was
adjusted to 1.5 with 2N hydrochloric acid with i1ce-
cooling. The organic layer was separated and dried on
anhydrous magnesium sulfate. The solvent was re- 3,
moved by distillation under reduced pressure, and di-
ethyl ether was added to the residue. The resulting
crystals were collected by filtration to obtain 6.50 g
(vield 82.4%) of diphenylmethyl 7-[2-{2-(benzyloxycar- 35
boxamido)-5-chlorothiazol-4-y1}-2-(syn)-methox-
yiminoacetamido]-3-acetamidomethyl-A3-cephem-4-
carboxylate having a melting point of 132°-136" C.
(decomp.). 40
IR(XBr) cm—tivc—0p1780, 1720, 1680-1640
NMR(d¢-DMSO) ppm value:

1.85
45
(3H, s, —ﬁCH_v,),
O
50
3.51 (2H, bs, C;—H), 3.71-4.35
S
(ZH, m, l ), 23

CHy—

3.89 (3H, s, —OCH3), 5.14 (1H, d, J=5 Hz, C¢—H),
5.21

65

(2H, s, CHx—),

130
5.86 (1H, dd, J=5 Hz, J=8 Hz, C-—H), 6.88 (1H, s,
>CH—), 6.98-7.67

(15H, m,

7.78-8.21 (1H, m, —NHCO—), 9.69 (1H, d, J=8 Hz,
—CONH-—). .

(2) In 15 ml of anisole was dissolved 0.79 g of diphe-
7-[2-{2-(benzyloxycarboxamido)-5-chloro-
thiazol-4-y1}-2-(syn)-methoxyiminoacetamido]-3-

nylmethyl

acetamidomethyl-A3-cephem-4-carboxylate, and 1.33 g
of aluminum chloride was added to the resulting solu-
tion with ice-cooling, after which the resulting mixture
was subjected to reaction at 5°-10° C. for 2 hours. After
completion of the reaction, the reaction mixture was
added to 30 ml of iced water and the pH thereof was
adjusted to 7.5 with sodium hydrogencarbonate, after
which the insoluble matter was removed by filtration.
The filtrate was washed with 30 ml of ethyl acetate, and
50 m] of methyl ethyl ketone was added thereto, after
which the pH was adjusted to 2.0 with 2N hydrochloric
acid. The organic layer was separated, washed with 30
ml of saturated aqueous solution of sodium chloride and
dried on anhydrous magnesium sulfate. The solvent was
removed by distillation under reduced pressure, and
diethyl ether was added to the residue. The resulting
crystals were collected by filtration, to obtain 0.37 g
(vield 75.7%) of 7-[2-amino-5-chloro-thiazol-4-yl)-2-
(syn)-methoxyiminoacetamido]-3-acetamidomethyl-A3-
cephem-4-carboxylic acid having a melting point of
148°-152° C. (decomp.).

IR(KBr) cm—tve—0 1770, 1710, 1680-1620

NMR(dg-DMSO) ppm value: 1.83 (3H, s, —COCH3),
3.42 (2H, bs, C2—H), 3.84 (3H, s, —OCH3), 3.704.22

S

(2H, m, l ),
-

CH—

5.02 (1H, d, J=5 Hz, C¢—H), 5.67 (1H, d, J=5 Hz,
C+—H), 7.85-8.21 (1H, m, —NHCO—), 9.46 (1H, 4,
J=8 Hz, —CONH-—).

EXAMPLE 32

The same reaction and treatment as in Example 18-(1)
and (2) were repeated, except that the 2-(2-tert.-amylox-
ycarboxamidothiazol-4-yl)-2-(syn)-methoxyiminoacetic
acid was replaced with a 2-(thiazol-4-yl)-2-(syn)-
methoxyiminoacetic acid. As a result, the compounds
shown in Table 22 and Table 23 were obtained.
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TABLE 22
N S
CCONH
(]
N
S | 0% 2 CHyR?
OCH3
COOCH )3 {syn isomer)

Melting IR(KBr)

point cm ™~ L

—R< ("C.) VC= (O

N N 102-104 1785,
(decomp.) 1730,

B (}?/l\‘:1 1680

— 106-109 1780
N=N - !
/ (decomp.) 1730,
N 1630
\
N
CH;

NMR(CDCI3) ppm value:

3.14(2H, bs, C3=H), 3.90(3H, s, =~ OCH3),

S
4.77, 5.34(2H, ABq, J=15Hz, ), 4.94
-
CHs—
(1H, d, J=5Hz, C¢—H), 5.88(1H, dd, J=5Hz,
AN

J=8.5Hz, Cy~H), 6.82(1H, s, /CH'—), 7.18

N
(10H, bs, X 2), 7.54(1H, d, J=2Hz, || )2

s” H
N
7.59(1H, s, ;>—§), 8.11(1H, d, J=8.5Hz,
N
N
- CONH—), 8.58(1H, d, J=2Hz, __H_% )
S
N .
2.44(3H, s, >—CH3-), 3.20(2H, bs, C,—H),
N
3.98(3H, s, =—OCH3), 4.97(1H, d, J=6Hz,
S
Ce¢—H), 5.30, 5.70(2H, ABq, J=15Hz, ),
-~
| - CH;™
5.92(1H, dd, J=6Hz, J=8Hz, Cs—H), 6.8%(1H,
AN
S, /CH—), 7.25(10H, bs, % 2), 1.65(1H,

N
d, J=2Hz, " ), 7.74(1H, d, J=8Hz, —CONH—),
S H

N
8.67(1H, d, J=2Hz, _H_—< )
S

132
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TABLE 23

134

N S
C—CONH
]
| = N P CH;,R? |
S (syn isomer)

o
O
. OCH;
COOH
Melting IR(XBr)
point cm— L :
R 2 ("C.) VE=0 NMR(ds-DMSO) ppm value:
N N 130-140 1780, 3.39(2H, bs, C3—H), 3.83(3H, s, —OCH}3),
O (decomp.) 1715, 4.88(1H, d, J=5Hz, Cg—H), 5.12(2H, bs,
t a’l\u 1670 S
N Cl
), 5.79(1H, dd, J=5Hz, ]=8.5Hz,
-
CHy— .
_ N
Cs—H), 7.83(1H, d, J=2Hz, ” ), 7.93(1H,
S H
N N
S, ,>— H), 9.02(1H, d, J=2Hz, §—< ),
N S
9.56(1H, d, J=8.5Hz, —CONH—)
N=N 129-134 1780, N
/ (decomp.) 1720,
1675 2.44(3H, s, ,—CH3), 3.41(2H, bs, C;—H),
_N e
N
\N 3.86(3H, s, —OCH3), 5.14(1H, d, J=5Hz,
S
CH3
C¢—H), 5.60(2H, bs, ), 5.81(1H, dd,
-
CH>—
J=5Hz, J=8.5Hz, C+—H), 7.86(1H, d, J=2Hz,
N N
” ), 9.07(1H, d, J=2Hz, 5% ), 9.63(1H,
S H S
d, J=8.5Hz, —CONH—)
EXAMPLE 33

() In 30 ml of N,N-dimethylformamide was dis-
solved 6.13 g of 7-[2-(2-tert.-amyloxycarboxamido-
thiazol-4-yl)-2-(syn)-methoxyiminoacetamido]-3-{(3-
chloro-1,2,4-triazolyl)methyl}-A3-cephem-4-carboxylic
acid, and 1 g of triethylamine and 2.9 g of pivaloylox-
ymethyl iodide were added to the resulting solution
with ice-cooling, after which the resulting mixture was
subjected to reaction for 30 minutes. After completion
of the reaction, the reaction mixture was introduced
into a mixed solvent of 300 ml of water and 300 ml of
ethyl acetate, and the pH thereof was adjusted to 7.0
with sodium hydrogencarbonate. Then, the organic
layer was separated, washed successively with 100 ml
of water and 100 ml of saturated aqueous solution of
sodium chioride and dried on anhydrous magnesium
sulfate, after which the solvent was removed by distilla-
tion under reduced pressure. Dusopropy! ether was
added to the residue, and the resulting crystals were
collected by filtration, thoroughly washed with diiso-
propyl ether and dried, to obtain 6.6 g (yield 90.8%) of
pivaloyloxymethyl 7-[2-(2-tert.-amyloxycarboxamido-
thiazol-4-yl)-2-(syn)-methoxyiminoacetamido}-3-[(3-
chloro-1,2,4-triazolyl)methyl]-A3-cephem-4-carboxy-
late.

IR(KBr) cm—livc—p1790, 1750, 1720, 1675

45

50

55

60

65

NMR(CDCl) ppm value: 0.96 (3H, t, J=7 Hz,
—CH;CH3), 1.30 (9H, s, —C(CH3)3), 1.57

CH;

l —
(6H, s, —C—),

l
CHj

1.91 (2H, q, J=7 Hz, —CH>CH3), 3.33 (2H, bs, C2—H),
4.02 (3H, s, —OCH3), 4.89-5.34

.
. (3H, m, ]\ , C=—H),

5.70-6.27 (34, m, —COOCH;—, C—H), 7.14
N

(1H, s, :[ ),
S

H

7.90



135

N
(IH‘! S, J}‘w! 5
N

9.31 (1H, d, J=8 Hz, —CONH—).

(2) In 33 ml of trifluoroacetic acid was dissolved 6.6 10
g of pivaloyloxymethyl 7-[2-(2-tert.-amyloxycarbox-
amidothiazol-4-yl)-2-(syn)-methoxyiminoacetamido]-3-
[( 3-c:hllor0- 1,2,4-triazolyl)methyl]-A3-cephem-4-car- 15
boxylate, and the resulting solution was subjected to
reaction at room temperature for 30 minutes. After
completion of the reaction, the solvent was removed by ,,
distillation under reduced pressure, and 80 ml of water
‘and 80 ml of ethyl acetate were added to the residue,
after which the pH of the resulting solution was ad- -
justed to 7.0 with sodium hydrogencarbonate with ice-
cooling. The organic layer was separated and dried on
anhydrous magnesium sulfate, and a solution of dry 0
hydrogen chloride 1in diethyl ether was added thereto
with ice-cooling and with stirring, upon which a white
colored powder was deposited. It was collected by
filtration, thoroughly washed with diethyl ether and 3
dried to obtain 5.2 g (vield 88.2%) of hydrochloride of

pivaloyloxymethyl 7-[2-(2-aminothiazol-4-yl)-2-(syn)-

methoxyiminoacetamido]-3-[(3-chloro-1,2,4-triazolyl)- 40
methyl]-A3-cephem-4-carboxylate having a melting
point of 134°-136° C. (decomp.).
IR(KBr) cm—live—p 1790, 1755, 1680
NMR(d¢-DMSO) ppm 1.17 (9H, s,
—C(CHa3)3), 3.49 (QH, bs, C—H), 393 (3H, s,

—QOCH3), 4.95-5.40

45

value:

50

S

(SH, ITl, ¥ Cﬁ- H):
e

CHy=

335

5.60-6.02 (3H, m, —COOCH—, C7—H), 6.91

N
(1H, s, :[ ),

S H 65

8.00

5,144,027
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N
(1H, s, }—I:D
N

8.83 (1H, d, J=9 Hz, —CONH—).

EXAMPLE 34

In 20 m] of N,N-dimethylformamide was suspended
2.96 g of 7-amino-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylic acid. Then, the suspen-
sion was converted to a solution by adding 1.1 g of
triethylamine with ice-cooling. Then, 2.7 g of pivaloy-
loxymethy! iodide was added to the solution, and the
resulting mixture was subjected to reaction at 0°-5° C.
for 1 hour. After completion of the reaction, the reac-
tion mixture was introduced into a mixed solvent of 250
ml of water and 200 ml of ethyl acetate, and the pH
thereof was adjusted to 7.0 with sodium hydrogencar-
bonate. After removing the insoluble matter, the or-
ganic layer was separated and dried on anhydrous mag-
nesium sulfate, and then the solvent was removed by
distillation under reduced pressure. After washing the
residue with diethyl ether, the residue was dissolved in
30 ml of ethyl acetate, and a solution of 1 g of dry hy-
drogen chloride in 30 ml of diethyl ether was added to
the resulting solution with ice-cooling and with stirring.
The deposited crystals were collected by filtration,
thoroughly washed with diethyl ether and then recrys-
tallized from chloroform to obtain 2.72 g (yield 60.9%)
of hydrochloride of pivaloyloxymethyl 7-amino-3-[2-(5-
methyl-1,2,3,4-tetrazolyl)methyl}-A3-cephem-4-car-
boxylate having a melting point of 149°-151° C. (de-
comp.).

IR(KBr) cm—live—p 1773, 1741, 1730

NMR(de-DMSO) ppm 1.18 (9H, s,
—C(CH3)3), 2.44 (3H, s, —CH3), 3.60 (2H, s, C;—H),
5.23 (2H, s, Ce—H, C7—H), 5.62

value:

S

(2H, s, l ),
-

CHy—

5.78-5.92 (2H, m, —COOCH;0—).

By subjecting various starting compounds to the
same reaction as above, the corresponding compounds
shown in Table 24 and Table 25 were obtained.
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TABLE 24
S
ST
N=N
Z N /
o~ 2 ™ CH,—N
COOR! \N =
CH;

IR(KBr) dg-DMSO*

Compound Melting cmn—l:  NMR (CDCl3** ) ppm value: Note

R! point ("C.}) vc=g CD30D*** (treatment)

- CHOCOCH>CH; — 1775, 1.28(3H, t, J=THz, —CH->CH3), Column chromato-
I 1758 — graphy (Wako silica
CH; O | \, gel C-200; develop-

1.58(3H, d, J=6Hz, CHCH3), ing solvent, ben-
/ _ zene:ethyl acetate =3:1)
2.02(2H, bs, —NH3), 2.51(3H,
s, —CH3), 3.33(2H, bs, Co—H),
4.20(2H, q, J=THz, —CH,CH3),
4.90(2H, bs, C¢—H, Cy~~H), 5.61
S
(2H, bs, ]\ ), 6.69-7.06
-_
CH>—
AN
1H, m, CHCH;3)**
/
O 98-101 1788, 1.80(2H, s, —NH>), 2.42(1.5H, Column chromato-
=0 1740 s, ~—CH3), 2.49(1.5H, s, —CH3), graphy (Wako
3.27(1H, s, C;—H), 3.30(1H, s, silica gel C-200;
Cy—H), 4.62-4.95(2H, m, Cs—H, developing solvent,
C7—H), 5.30, 5.65(2H, ABq, benzene:ethyl
S acetate = 3:1)
J=17Hz, ), 7.37(0.5H, s,
-
CH>—
AN N\
—CH), 7.42(0.5H, s, —CH),
/ /
7.54-7.87(4H, m, )

- CHOCC(CH3)3 135-137 1800, 1.14(9H, s, = C(CH3)3), 1.47 Oxalic acid was
| (decomp.) 1735 N | added to ethyl
CH3; O GH, d, J=6Hz, CH—CHj), 2.44 acetate solution

/ —” to form oxalate.
N
(3H, s, >—CH3): 3.49(2H, bs,
N

C;—H), 4.86(1H, 48, J=6Hz,
Ce—H), 5.06(1H, d, J=6Hz,

S ,
Cs~—H), 5.50(2H, bs, j\ ),
o~
CHy—
N\
6.80(1H, q, J=6Hz, /CE—CH3),

D
71.03(3H, bs, H3N—)*



Compound
R!

= CH;OCH;CH3****

—CHQOﬁ:CH3
O

“CHQOﬁ(CH;bCH:,
O

— CHOCO(CH;);CH3

|
CH; O

5,144,027
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TABLE 24-continued
S
H>sN
I | N==N
N /
0% " CHy—N
\
COOR'! N
CH;j
IR(KBr) de-DMSO*
Melting cm— 1. NMR (CDCl3** ) ppm value:
point (C.) vc=0 CD3;0D***

125-130 1790,

1.18(3H, ¢, J=THz, —CH>CH3),
(decomp.) 1780 -

2.47(3H, s, —CH3), 3.27(ZH,

bs, Co—H), 3.55(2H, q, }—7Hz,
- CH,CH3), 5.08-5.68(6H, m,
C¢—H, C—H, —COOCH0O~,
S

l )i##

CH>—

107-110 1785,

2.08(3H, s, —OCCH3), 2.45(3H,
(decomp.) 1735

I
O
N

S, ,}—CH;L 3.50(2H, bs,

N
Cy=—H), 4.96(1H, d, J=6Hz,
Ce—H), 5.11(1H, d, J=6Hz,

S

Co—H), 5.58(2H, bs, l ),
-

CHoy»w=

5.82(2H, s, —COOCH,0~=), 7.66
D
(3H, bs, H3N—)*

117-120 1780,

0.87(3H, t, J=THz, ~(CH,)3CH3),
(decomp.) 1750 -

1.00-1.904H, m,
—CH;CH»CH,CH3), 2.30-2.54

(2H, m, —CH,;CH;CH»CH3),
N........

2.47(3H, s, >—CH3), 3.52
N —

(2H, bs, Co=—H), 4.96(1H, 4,

J=6Hz, Cg=—H), 5.14(1H, 4,

J=6Hz, Cy~H), 5.42(2H, bs,
S

j\ ), 5.742H, s,

CH;—

&
—OCH;0—), 7.66(3H, bs, H3N—)*

— - Y780,

0.92(3H, t, J=6Hz, —(CH»)3CH3),
1758 ( (CHj3)3 ___g_)

1.12-1.70{4H, m,
--CH2CH>CH>CH3), 1.60(3H, d,

N\
J=6Hz, /CH--—-cng), 1.89(2H, s,

N

—NH>»), 2.52(3H, 5, ,}-CHS),

N
3.32(2H, bs, Cy—H), 4.14(2H, t,
J=6Hz, —CHyCH>CH,CH3), 4.78

140

Note
(treatment)

Oxalic acid was
added to ethyl

acetate solution
to form oxalate.

Oxalic acid was
added to ethyl

acetate solution
to form oxalate,.

Oxalic acid was
added in ethyl

acetate solution
to form oxalate.

Column chromato-

graphy (Wako
silica gel C-200;
developing sol-
vent, benzene:

ethyl acetate =
5:1)



Compound

—CH>0O(CH3);CH3****

— CHOCOC(CH3)3

|
CH3 O

Note:
seerOxalate

141

Melting
point ("C.)

118-120
(decomp.)

5,144,027

TABLE 24-continued

S
H;N
N=N
N /
0""} A CH;—N
\
N
CH;

IR(K.Br}
cm— 1:
V=0

1300,
1700

1770,
1730

COOR!

d¢-DMSO*
NMR (CDCl3** ) ppm value:.
CD3;0D***

(IH, d, J=5Hz, C¢—H), 4.91
(1H, d, J=5Hz, C;—H), 5.44,
5.77(2H, ABq, J=15Hz,

S

:L ), 6.96(1H, q, J=6Hz,
-

CHy—

N\
CH—CH3;)**
/

0.87(3H, t, J=THz,
—CH,CH;CH;CH3y), 1.10-1.75

(4H, m, -—-CH,CH>CH,CH3),
N |

2.48(3H, s, ,>7CH3), 3.52

N
(2H, bs, C>—H), 3.64(2H, t,
J=7Hz, —CH>CH>CH;CH}3),

5.00(1H, d, J=5Hz, Csé—H),
5.17(1H, d, J=5Hz, C7—H),

5.44(2H, s, —OCH>0—),
S

5.64(2H, s, l ),

CHy~

%)
7.83(3H, bs, —NH3)*

1.55(9H, s, —C(CH3)3),

N\
1.66(3H, d, J=6Hz, /CH—-CH;),

2.20(2H, s, ——NH3), 2.60(3H,
N
s, %CH;-,), 3.44(2H, bs,

N
C>—H), 4.98(1H, d, J=5Hz,

Ces—H), 5.11(1H, d, J=5Hz,
S

Cy~—H),5.80(2H, bs, l ),
-

CHy—

N\
7.10(1H, q, J=6Hz, /CE—CHa)“

142

Note
(treatment)

Oxalic acid was
added to ethyl

acetate solution
to form oxalate



Compound
R!

—CHQOEC(CHQ,)Q,'?:
O

¥

- CHOCOCH2;CH31%4

|
CH; O

]

e CHOCOCH>CH3*5

|l
CH3 O

143

Melting
point
("C.)

152-155
(decomp.)

146-148

67-70

144
TABLE 25
S
= N /( )\
0-""" ,/ CH> N ]
COOR!
IR(KBr)
— 1.
cm™h s-DMSO*] . Note
N NMR(cpcyyep ) pPm value: (treatment)
1803, 1.13(SH, s, =C(CH3)3, 3.39 Oxalic acid was
1750 (2H, bs, Co—H), 4.90(1H, d, added to Eth.}'] |
J=5Hz2, C{,""‘"‘"H), 5‘10(21.{, bs, acetate solution
S to form oxalate.
), $.72(1H, d,
-
CH o
J=5Hz, C7—H), 5.92(2H, 5, —~CH-»0)6.28(3H, bs,
. N
2
H;i;N—), 7.89(1H, s, }—H)*l
N
1778, 1.27(3H, t, J=7Hz, —CH,CH3), Column chromato-
1720 — graphy (Wako
N stiica gel C-200;
1.57H, d, J=6Hz, CHCH}3), developing solvent,
T ’ — benzene:ethyl
acetate = 3:1)
3.22(2H, bs, Cy~~H), 4.17(2H,
g, J=7Hz, —CH;CH3), 4.70(1H,
d, J=5Hz, C¢~—H), 4.86(1H, d,
J=5Hz, Cy—H), 4.91, 5.51(2H,
S
ABq, J=15Hz, l ), 6.85
-
CHye
AN
(IH, q. J=6Hz, CH~CH3), 7.73
N
(1H, s, ,>—B_)*2
N
1780, 1.32(3H, t, J=7Hz, —CH,CH3), Column chromato-
1760 — graphy (Wako

5,144,027

N\

1.59(3H, d, J=6Hz, CH—CH3),

1.86(2H, s, —mNH>), 3.20(2H,
s, Cy~H), 4.20(2H, q, J=THz,
~CH;CH3), 4.72(1H, d, J==5Hz,

Ce—H), 4.87(1H, d, J=5Hz,
Cs—H), 4.99, 5.52(2H, ABq,

S

J==15Hz, :L ), 6.95(1H,
-y
CH;™
N\
q, J=6Hz, /C_I_-_l_“"'CH;;), 7.75(1H, s,

N

-

N

silica gel C-200;
developing
solvent, benzene:
ethyl acetate =

3D
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TABLE 25-continued
S
Oﬁ / CH> N Cl
COOR!
Melting IR(KBr)
Compound point cm— 1. ¢-DMSO*1, . ' Note
R! °C.) VC=O NMR(cpcj»2 ) ppm value: (treatment)
= CH>O{CH5)3CH;*3 128-135 1773, 0.90(3H, t, J=7Hz2, —(CH3);CH3), Oxalic acid was
1720 — added to ethyl
1.15-1.71(4H, m, _CHZCEECEECH3)’ 3.30-3.65 acetate solu-
(4H, m, C;—H, —CH,CH;CH,CH3), tion to form
o—— oxalate.
4.95-5.40(6H, m, =~ OQCH>0—,
S
CG—H, C'}_H, l )r
e
CHy—
N
&
8.01(1H, s, >—_H_), 8.84(3H, bs, ~~NH;3)*
N
Note:
* Optical isomer
*3 Oxalate
*4 Upper component
*5 Lower component
of water and 50 ml of ethyl acetate were added to the
EXAMPLE 35 4

To a mixed solvent of 8 ml of anhydrous methylene
chloride and 2.2 ml of N,N-dimethylacetamide was
added 3.7 g of phosphorus oxychloride at 0°-5° C., and
the resulting mixture was subjected to reaction at that
temperature for 30 minutes. Then, the reaction mixture
was cooled to —15° C. to —10° C,, and 2.4 g of 2-(2-
aminothiazol-4-yl)-2-(syn)-methoxyiminoacetic acid
was added thereto, and the resulting mixture was sub-
jected' to reaction at that temperature for 20 minutes.
Then, a solution of 4.47 g of hydrochloride of pivaloy-
loxymethyl 7-amino-3-[2-(5-methyl-1,2,3,4-tetrazolyl)-
methyl]-A3-cephem-4-carboxylate and 1.01 g of trieth-
ylamine in 20 ml of anhydrous methylene chloride was
dropped into the above-mentioned reaction mixture at
— 10° C. After the dropping, the mixture was subjected
to reaction at — 10° C. for 30 minutes, at 0° C. for 30
minutes and then at room temperature for 30 minutes.
After completion of the reaction, the solvent was re-

35

45

residue, after which the pH thereof was adjusted to 7.0
with sodium hydrogencarbonate. The organic layer
was separated, washed successively with 30 ml of water
and 30 ml of saturated aqueous solution of sodium chlo-
ride and dried on anhydrous magnesium sulfate. The
solvent was removed by distillation under reduced pres-
sure, and diethyl ether was added to the residue. The
resulting crystals were collected by filtration to obtain
5.1 g (yield 86%) of pivaloyloxymethyl! 7-[2-(2-amino-
thiazol-4-yl)-2-(syn)-methoxyiminoacetamido]-3-[2-(5-
methyl-1,2,3,4-tetrazolylmethyl}-A3-cephem-4-car-
boxylate having a melting point of 127°-128" C. (de-
comp.)

IR(KBr) cm—1: ve—p 1780, 1743, 1675

EXAMPLE 36

By subjecting various starting compounds to the
same reaction as in Example 33 or Example 35, the
corresponding compounds shown in Table 26, Table 27

moved by distillation under reduced pressure, and 50 ml 50 and Table 28 were obtained.
TABLE 26

N S
CCONH
HzN—< ll I | |
N =z N =z
S l 0~ CH3R? (syn isomer)

OCH;
Melting IR(KBr)
Compound point cm— L
R? (°C.) VC=0
N=N * 144-148 1790,
/ (decomp.) 1750,
—_N 1675
\
N

CH;j;

COOCHOCOC(CH3)s

NMR(d-DMSO) ppm value:

1.17(9H, s, —C(CH3)3), 2.46(3H, s, N—“-CH,?,),

N

3.55(2H, bs, C>—H), 3.96(3H, s, —OCH3), 5.19
(1H, d, J=5Hz, C¢—H), 5.39-6.00(5H, m,



Compound

N N

O _L

N N

O _L

— NHCOCH;

CHj

SCH3

147

Melting

point
("C.)

119-123
(decomp.)

144-146
(decomp.)

135-137
(decomp.)

133-135
(decomp.)

5,144,027
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TABLE 26-continued
S
ﬁCONHuw—[:—r’
N N
| 0% 7 CH>R? (syn isomer)
OCH;
COOCH;0COC(CH3)3
IR(KBr)
cm_l:
VC=0 NMR(de¢-DMSO) ppm value:
S
. N
, C+—H, —OCH,0—), 6.96(1H, s, H ),
e
CHy~ S H
9.84(1H, d, J=8Hz, —CONH—)
1780, 1.15(9H, s, —C(CH3)3), 3.18, 3.60(2H, ABq,
1740, S
1670
J=18Hz, C1—H), 3.58-4.22(2H, m, ),
-

CHy-
3.93(3H, s, —OCH3), 5.17(1H, d, J=5Hz, Cg—H),
5.48-6.02(3H, m, —OCH,0—, C+—H), 6.92(1H, s,

N
” ), 7.21(5H, bs, ), 9.85(1H, d, J=8Hz, —CONH—).
5 H
1780, N
1745, .
66 1.16(9H, s, =C(CH3)3), 2.39(3H, s, ,>—CE§_),
N
3.56(2H, bs, C;=H), 3.88(3H, 5, =~OCH3), 4.85-
S
5.46(3H, m, , Ce=H), 5.52-6.01(3H, m,
-,
CH>—
N
—QCH,0—, C—H), 6.86(1H, s, ” ), 7.80(1H, s,
5 H
N
>— H), 9.74(1H, d, J=8Hz, —CONH—)
N
1785, 1.17(SH, s, = C(CH3)3), 2.49(3H, s, =~SCH3), 3.52
1745, (2H, bs, Co—H), 3.93(3H, s, —~OCH3), 4.87-5.38
1672 S
(3H, m, , C¢—H), 5.50-6.05(3H, m,
-
CH;—
N
—QOCH;0—, C1—H), 6.92(1H, s, ) I H)1. 8.50(1H,
N
> ,>—}_r), 9.80(1H, d, J=8Hz, ~~CONH—)
N
1780, 1.16(9H, s, =—C(CH3)3), 1.81(3H, s, —COCH3),
1740, 3.46(2H, bs, Cy~H), 3.614.18(2H, m,
1680 <
)
1620

:L ), 3.80(3H, s, = OCH3), 5.05(1H, d,
P .

CHy—
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TABLE 26-continued

N S
CCONH
]
P N
S ' 0% Z CH;R? (syn isomer)

OCH;
COOCH,;0COC(CH3)3
Melting IR(XBr)
Compound point cm™—}: ‘
R? - (°C) VC=0 NMR(d¢-DMSO) ppm value:
J=5Hz, C¢—H), 5.48-6.00(3H, m, —COOCH,—,
N
C7—H), 6.66(1H, s, “ ), 7.12(2H, bs, —NH3),
| S H
7.78-8.09(1H, m, ~~NHCO—), 9.45(1H, d, J=8Hz, —CONH—)
N 130-132 1780, 1.21(9H, s, =—C(CH3)3), 3.50(2H, bs, Co—H),
/ (decomp.} 1745, 3.90(3H, s, —OCH3), 4.88-5.30(3H, m,
-—N 1665 S
\= N :L , C¢—H), 5.64-6.04(3H, m, = COOCH;—,
-~
CHHr—
N N
C7—H), 6.72(iH, s, " ), 7.83(1H, s, ,>—_1_1_),
s” "H N
N
8.37(1H, s, }—g), 9.46(1H, d, J=8Hz, —CONH—)
N )
Note:
* Hydrochlonde
TABLE 27
N S
C—CONH
HzN'—< ‘ 1|\|I /N"—:N
2 N
S | 0~ Z CH;—N
OCH; \
COOR! N = (syn isomer)
| CH;
Melting IR (KBr)
point cm™ L
R! (°C.) ve—0 NMR (de-DMSO) ppm value:
—CH;* 154 1785, N
(decomp.) izgg 2433H, s, ,>—CH3), 3.53(2H, bs, C;—H), 3.81
N
(3H, s, —COOCHS3), 3.96(3H, s, —QCH3), 5.23(1H, d,
S
J=5Hz, C¢—H), 5.61(2H, bs, l ), 5.83(1H,
-
CH;—
N
dd, J=5Hz, J=8Hz, C7—H), 6.95(1H, s, I ),
S H
9.88(1H, d, J=8Hz, —CONH—)
—CH,OCCH;  121-124 1780, | N
] (decomp.) 1785, 5 10(3H, s, —OCCH3), 2.46(3H, s, ) CH3),
O 1670 T —
O N
3.52(2H, bs, C;—H), 3.82(3H, s, —OCH3), 5.19
S
(1H, d, J=5Hz, Cg~—H), 5.59(2H, bs, l ),
| | _

CH—
5.78(1H, dd, J=5Hz, J=8Hz, C+—H), 5.83(2H, s,
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TABLE 27-continued
N S
C-—CONH
H?_N__<r I I|~[J /N=N .
Lz N
S | 0~ 2 CH,—N
OCH; \
COOR! N (syn isomer)
CH;
Melting IR (KBr)
point cm— 1
R! °C.) ve—o  NMR (dg-DMSO) ppm value:
N
—COOQCH»0—), 6.69(1H, s, I ), 7.12(2H, bs,
. S H
—NH>), 9.55(1H, d, J=8Hz, —CONH—)
O or 166-168 1775, N
-
Z (decomp.) i;‘ég 241(3H, s, ,>—CH3), 3.58(2H, bs, Co—H),
N
3.93(3H, 5, —OCH3), 5.19%(1H, d, J=5Hz, Cs—H),
S
5.62(2H, bs, ). 5.78(1H, dd, J=5Hz,
-
CHy=
N
J=8Hz, C7—H), 6.88(1H, s, I ), 7.62(1H, s,
S H
I~_i><0 #0), 7.67-8.00(4H, m, ), 9.80
(1H, d, J=8Hz, —CONH—)
—CHOCC(CH3);  127-130 1780, 1.14(9H, s, —C(CH3)3), 1.48(3H, d, J=5.5Hz,
| | (decomp.} 1740, N
CH; O 1675 AN
CH=--CH3), 2.45(3H, s, ,}—cng), 3.48(2H, bs,
/ — N —
Cs—H), 3.82(3H, s, —OCH3), 5.19(1H, d, J= 5Hz,
S
Ce—H), 5.54(2H, bs, :l\ ), 5.83(1H, dd,
-
CHyw
N
J=5Hz, J=8Hz, C3—H), 6.69(1H, s, I ),
S H
N
6.86(1H, q, J=5.5Hz, CH—CH3), 7.11(2H, bs,
/
—NH}>), 9.56(1H, d, J=8Hz, ~~CONH~—)
—~CHOCOCH;CH; 130-136 1780, 1.20(3H, t, J=7THz, —CH,CHj3), 1.51(3H, d,
| (decomp.) 1775, m_—
CH; O 1665 \ N
J=6Hz, CH—CH3), 2.45(3H, s, ,>—CH3). 31.55
/ — N —

5,144,027

(2H, bs, C;~H), 3.85(3H, s, —OCH}3), 4.16(2H,
q, J=THz, ~~CH2CH3), 5.20(1H, d, J=5Hz, C¢—H),
S

3.55(2H, bs, ]\ ), 3.81(1H, dd, J=5Hz,
-

CHy=-

N
J=8Hz, C7—H), 6.72(1H, s, q I H), 6.81(1H, q,
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TABLE 27-continued

N - | S
C—CONH
HzN—< “ 1'~|: I | /N
S | z— N (A CH;—N

=
O

OCHj

Melting IR (KBr)
point cm— 1
R! (°C) VC=0

—CHO(CH3)3CHj3

1675

- CH-OC(CH»):CH 107~108 1780,
2 lI( 2)3CH3 1760,

O 1670

— CHOCO{(CH,):CH3 125-130 1780,
| ||0( : (decomp.) 1760,

CH; O 1667

148-152 1785,
(decomp.) 1730,

=N
\
COOR! N (syn isomer)
CHj;

NMR (d¢-DMSQO) ppm value:

AN
J=6Hz, CH—CHa), 9.6X1H, d, J=8Hz, ~~CONH—)

0.88(3H, t, J=7Hz, —(CH3)3CHj3), 1.05-1.75
N
(4H, m, —CH,;CH>CH>CH3), 2.45(3H, s, >—CH3),

N
3.45(2H, t, J=THz, —CH>CH,CH,CH3), 3.55(2H,

bs, C;—H), 3.87(3H, s, —OCH3), 5.23(1H, 4,
J=5Hz, C¢—H), 5.43(2H, s, —COOCH;0—), 5.62(2H,
S

bs, l ), 5.86(1H, dd, J=5Hz, J=8Hz, C7—H),
-
CH>—

N
6.74(1H, s, < ][ H), 9.63(1H, d, J=8Hz, —CONH=)

0.87(3H, t, J=T7Hz, —(CH3);CH3), 1.0-1.7
(4H, m, —CH,CH>CH;CHj3), 2.25-2.55(2H, m,

N
- CH>,CH>CH>CH3), 2.45 (3H, s, />7CH3), 3.33
N
(2H, bs, Cy—H), 3.85(3H, s, —OCH3), 5.20(1H,
S

d, J=5Hz, C¢—H), 5.58(2H, bs, l ), 5.88
-~

CHy—
(2H, s, —OCH,0~), 5.73-5.97(1H, m, C7—H),

N
6.70(1H, s, < ][ H), 7.18(2H, bs, —NH3>), 9.60

(1H, d, J=9Hz, —CONH—)

0.87(3H, t, J=6Hz, —(CH3)3CH3), 1.15-1.70

(4H, m, —CH;CHCH,CH3), 1.53(3H, d, J=6Hz,
' N CH

. 3

CH-CHj3), 2.46(3H, s, \II'[T/ ), 3.54(2H,

bs, Co—H), 3.86(3H, s, —OCHj), 4.11(2H, t,
J=6Hz, =~ CH,CH>;CH>CH3s), 5.23(1H, d, J=5Hz,

S

Cs—H), 5.59(2H, bs, ]\ ), 5.85(1H, dd,
-

CH—

N I
J=5HZ, J—_""BHZ, C‘T""H), 676‘(11‘1, S, S H)i
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TABLE 27-continued

N S

C—~CONH

HaN—{ || I [ | N=X
. N

g | 0% 2 CH,—N

OCH; : \ |

COOR N = (syn 1somer)
CH;

Melting IR (KBr)

point cm™ 1
R! (°C.) Ve—o NMR (d¢-DMSO) ppm value:
AN
6.81(1H, g, J=6Hz, CH—CH3y), 9.65(1H, d,
/
J=8Hz, ~~CONH—)
*-(i?HOﬁC}C(CHg)g, 128-133 1322 1.41(9H, s, —C(CH1)3), 1.51(3H, d, J=THz,
; N
CH3 O 1665 AN
CH—CH3), 2.50(3H, s, ,}-—CHﬂ, 3.56(2H, bs,
/ = N —
Co=—H), 3.92(3H, s, —OCH3), 5.29(1H, d, J=5Hz,
S
Ce¢—H), 5.63(2H, bs, ), 5.92(1H, dd,
-
CH>—
N
J=5Hz, I=8Hz, C7~H), 6.84(1H, s, I ), 6.91
S H
N
(1H, q, J=7Hz, CH=~CH,;), 9.75(1H, d, J=E8Hz,
/
~—NHCO—)
Note:
*Hvdrochloride
TABLE 28
S T
ﬁ—-CONH N N
HjN /@
: ]/ N S CH N )\CI (syn isomer)
OCHg,
COOR'}
Melting IR(KBr)
point cm— ! .
R! (°C.) VC=0 NMR(d¢-DMSO) ppm value:
—CHO(CH2)3CH3  125-130 ggg  0.87(3H, t, J=THz, =(CH3)3CH3), 1.15-1.58
1670 (4H, m, —CH;CH,CH,CH3), 3.45(2H, bs, C;—H)

3.48(2H, t, J=7Hz, -~ CH,CH>;CH,CH3), 3.83(3H, s,

—~QOCH3), 5.10(1H, d, J=5Hz, C¢—H), 5.25(1H, dd,
)J=SHz, J=8Hz, C3—H), 5.30(2H, s, ~~COOCH,0-),

S
N
5.41(2H, bs, ), 6.71(1H, s, “ )
-~
CHy;— S H

N
7.18(2H, bs, —NH3), 8.01(1H, s, ,}—ﬂ), 9.57

N

(1H, d, J=8Hz, —CONH—)
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TABLE 28-continued
S
ﬁ-—CONH N N
HZN N /(OJ\ .
P CH> N Cl (syn 1somer)
OCH3
COOR!
Melting IR(K Br)
point cm— 1L .
Rl (°C.) VC=0 NMR(d¢-DMSO) ppm value:
* 133-135 1778, 1.23(3H, t, J=7Hz, —CH,CH3), 1.52(3H, d, J=5Hz,
—CHOCOCH,CH3*1 1755, —_
| 1670
CH; O | \ |
CH—CH3j), 3.49(2H, bs, C,—H), 3.84(3H, s,
/ PR
~OCHj3), 4.192H, g, J=7Hz, —CH;CH3), 4.95-5.52
S
(3H, m, Cs—H, ), 5.81(1H, dd, J=5Hz,
-
CHy—
N
J=8Hz, C7—H), 6.71(1H, s, || ), 6.76(1H, q,
S H
AN
J=5Hz, CH-—CH3), 7.16(1H, bs, —NH;), 8.04(1H,
J/
N
s, ,>—§),. 9.60(1H, d, J=8Hz, —CONH—)
N
Note:

* Optical 1somer
*1 The upper component obtained in Table 24 was used as the starting compound.

EXAMPLE 37

Reaction and treatment were carried out in the same

40 manner as in Example 33-(1) to obtain the compound
shown in Table 29.

TABLE 29
< ]’C“"CONH—[—-‘/
N
= CH;R2 (syn isomer)
OCH3

COOCH,0COC(CH3)3

Melting IR(KBr)

point cm— 1

—R? (°C.) ' VC=0 NMR(CDCl3) ppm value:
- 65-81 1785, 1.20(SH, s, —C(CH3)3), 3.25(2H, bs, Cy~H),
TO )\ (decomp.) :Eg 3.98(3H, s, —OCH3), 5.00, 5.45(2H, ABq, J=15Hz,
S

:L ), 5.03(1H, d, J=5Hz, C¢—H), 5.84(2H,
-~

- CHy—
S, -OCIEO-), 5.91(1H, dd, J=5Hz, J=8Hz, C;—H),
N N
7.68(1H, 4, J=2Hz, ]: ), 7.75(1H, s, ,}—g),
s” "H N

7.93(1H, d, J=8Hz, —CONH~), 8.77(1H, d, J=2Hz,

N
H—{ )
S
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TABLE 29-continued

N S
C-—CONH
C
N
S | 0% A CH;R? (syn isomer)

160

OCH;
COOCH:0COC(CH3)3
Melting IR(KBr)
point cm™ 1
—R? (°C.) VCO=0 NMR(CDCIl3) ppm value:
N=N 71-8] 1785, N
/ (decomp.} iz‘ég 1.20(9H, s, —C(CH3)3), 2.47(3H, s, ,>—CH3),
m-N —
N
\N 3.30(2H, bs, C3—H), 3.98(3H, s, —OCH3),
5.04(1H, d, J=5Hz, C¢—H), 5.39, 5.76(2H, ABq,
CHj 5
J=15Hz, j\ ), 5.85(2H, s, =OCH;0O—),
# CHy—
5.34(1H, dd, J=5Hz, J=8Hz, C+~H, 7.69(1H, d,
N
J=2Hz, ” ), 17.91{1H, d, J=8Hz, —CONH =),
S H
N
8.77(1H, d, J=2Hz, §—< )
S
35
EXAMPLE 38 | CHs-
A solution of 2.5 g of mesitylenesulfonic acid dihy-
drate in 20 ml of ethyl acetate was added to a solution of (6H, s, ),
5.93 g of pivaloyloxymethyl 7-[2-(2-aminothiazol-4-yl)-
2-(syn)-methoxyiminoacetamido]-3-[2-(5-methyi-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylate in CH;

50 ml of ethyl acetate. The deposited crystals were
collected by filtration, washed with ethyl acetate and
dried to obtain 7.39 g (yield 93.29%) of mesitylenesul-
fonic acid salt of pivaloyloxymethyl 7-[2-(2-amino-
thiazol-4-y1)-2-(syn)-methoxyiminoacetamido]-3-[2-(5-
methyl-1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-car-
boxylate having a melting point of 218°-220° C. (de-

comp.).
IR(KBr) cm—1: ve—p 1782, 1745, 1680
NMR(de-DMSO) ppm wvalue: 1.15 (OH, s,
—C(CHa3)3), 2.14
(3H, s, C{-I__gi ),
2.43
N
(3H, s, ,}-—CEL
N

2.53

3.52 (2H, bs, C2—H), 3.93 (3H, s, —OCH3), 5.20 (1H, d,
45 J=5 HZ, CG"‘“H), 5.56

S
(2H, bs, l ),

50 e

5.78 (1H, dd, J=5 Hz, J=8 Hz, C;—H), 5.85 (2H, s,

—COOCH,0—), 6.50
55 &

(3H, bs, HiN—),

6.75

60 H
(2H, s, SO3—),
65
H
6.93
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N
S H

9.81 (1H, d, J=8 Hz, —CONH—).

EXAMPLE 39

Using pivaloyloxymethyl 7-amino-3-{2-(5-methyl-
1,2,3,4-tetrazolyl)methyl]-A3-cephem-4-carboxylate,
reaction and treatment were carried out in the same
manner as in Example 12-(1) and Example 28-(1) and (2)
to obtain pivaloyloxymethyl 7-[2-(2-aminothiazol-4-yl)-
2-(syn)-hydroxyiminoacetamido}-3-[2-(5-methyl-
1,2,3,4-tetrazolylmethyl]-A3-cephem-4-carboxylate.
Further, this compound was treated in ethyl acetate
with a solution of dry hydrogen chloride in diethyl
ether to obtain hydrochloride of pivaloyloxymethyl
7-[2-(2-aminothiazol-4-yl)-2-(syn)-hydrox-
yiminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylate having a melting point
of 142°-145° C. (decomp.)

IR(KBr) cm—!: ve—p 1785, 1750, 1675

NMR(de-DMSO) ppm wvalue: 1.20 (OH, s,
—C(CH3)3), 2.49
N
(3H, s, ,>—C_H_3),
N

3.55 (2H, bs, Cp—H), 5.26 (1H, d, J=5 Hz, C¢—H), 5.63

S

(2H, bs, l ),

CHy—

5.78-5.95 3H, m, C7—H, —COOCH;0—), 6.84

N
(1H, s, :[ ),
S

‘H

9.76 (1H, d, J=7 Hz, —CONH—).
PREPARATION EXAMPLE 1

According to the formulation shown below, the main
ingredient was previously mixed and triturated with
lactose. To the mixture was added an aqueous solution
of hydroxypropyl cellulose. The resulting mixture was
kneaded, dried and pulverized to obtain powder. The
powder was blended with magnesium stearate previ-
ously triturated with starch, and then the resulting mix-
ture was tabletted.

Formulation

. Hydrochloride of pivaloyloxymethyl 130 mg
7-[2-(2-aminothiazol-4-yl)-2-(syn)-
methoxyiminoacetamido]-3-[2-(5-
methyl-1,2,3,4-tetrazolyl)methyli-
A3-cephem-4-carboxylate
Lactose 20 mg
Starch 44 mg
Hydroxypropy! cellulose 5.4 mg
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-continued

Formulation

Magnesium stearate

0.6 mg
200 mg/tablet

By using other compounds in place of the above-men-
tioned compound, tablets can be obtained similarly.

PREPARATION EXAMPLE 2

According to the formulation mentioned below, a
portion of starch and magnesium stearate were mixed
and triturated, and the trituration thus obtained was
mixed with the residual part of starch, hydroxypropy!
cellulose and the main ingredient. The mixture thus
obtained was formed into capsules according to a con-
ventional capsule packing process:

Formulation

Hydrochlonde of pivaloyloxymethyl 136 mg
7-[2-(2-aminothiazol-4-yl)-2-(syn)-
methoxyiminocacetamido}-3-[2-(5-

methyl-1,2,3 4-tetrazolyl)methyl]-
A3-cephem-4-carboxylate

Starch 54 mg
Hydroxypropyl cellulose 6 mg
Magnesium stearate 4 mg

200 mg/capsule

By using other compounds in place of the above-men-
tioned compound, capsule preparations can be obtained
similarly.

PREPARATION EXAMPLE 3

According to the formulation shown below, the main
ingredient was previously mixed and triturated with
lactose. To the mixture was added an aqueous solution
of hydroxypropyl cellulose. The resulting mixture was
kneaded, dried and pulverized to obtain powder. The
powder was blended with magnesium stearate’ previ-
ously triturated with starch, and then the resulting mix-
ture was tabletted.

* Formulation

130 mg

Maesitylenesulfonic acid salt of
pivaloyloxymethyl 7-[2-(2-
aminothiazol-4-yl)-2-(syn)-
methoxyiminoacetamido]-3-[2-(5-
methyl-1,2,3,4-tetrazolyl)methyl]-
A3-cephem-4-carboxylate
Lactose 20 mg
Starch 44 mg
Hydroxypropyl cellulose 5.4 mg
Magnesium stearate 0.6 mg
200 mg/tablet

By using other compounds in place of the above-men-
tioned compound, tablets can be obtained similarly.

PREPARATION EXAMPLE 4

According to the formulation mentioned below, a
portion of starch and magnesium stearate were mixed
and triturated, and the trituration thus obtained was
mixed with the residual part of starch, hydroxypropyl
cellulose and the main ingredient. The mixture thus
obtained was formed into capsules according to a con-
ventional capsule packing process:
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Formulation

Mesitylenesulfonic acid salt 136 mg
of pivaloyloxymethyl 7-[2-(2-
aminothiazol4-yl)-2-(syn)-
methoxyiminoacetamido}-3-[2-(5-
methyl-1,2,3,4-tetrazolyl)-
methyl]-A3-cephem-4-carboxylate
Starch 54 mg
Hydroxypropyl cellulose 6 mg
Magnesium stearate 4 mg

200 mg/capsuie

By using other compounds in place of the above-men-
‘tioned compound, capsule preparations can be obtained
similarly. |

PREPARATION EXAMPLE 3

A mixture of sodium hydrogen-carbonate with 7-[2-
(2-aminothiazol-4-yl)-2-(syn)-methox-
yiminoacetamido]-3-[2-(5-methyl-1,2,3,4-tetrazolyl)me-
thyl]-A3-cephem-4-carboxylic acid was treated in a con-
ventional manner to obtain a freeze-dried and sterilized
sodium salt. One gram (potency) of the sodium salt was
dissolved in 20 ml of physiological saline solution to
obtain an injection.

PREPARATION EXAMPLE 6

One gram (potency) of the freeze-dried product ob-
tained in Preparation Example 5 was dissolved 1n 4 ml

of 0.5% (W/V) aqueous lidocaine hydrochloride solu-
tion to obtain a dilutable injection.

PREPARATION EXAMPLE 7

One gram (potency) of the freeze-dried product ob-
tained in Preparation Example § was dissolved into 20
m! of 5% glucose solution to obtain an injection.

Moreover, the other compounds (free carboxylic
acids) of this invention represented by the formula [I]
can also be formed into the corresponding freeze-dried
products (sodium salts) or injections by processing them
in the same manner as in Preparation Examples 5-7.

What is claimed is:

1. A method for producing a 7-(substituted or unsub-
stituted amino)-3-substituted methyl-A3-cephem-4-car-
boxylic acid represented by the following formula or a

salt thereof:
B S |
“TT
N
0% \g\cmw

COOR!

wherein R! represents a hydrogen atom or a conven-
tional carboxyl-protecting group in the field of cephalo-
sporin; R? represents a 2-(1,2,3,4-tetrazolyl) group in
which the carbon atom in tetrazolyl ring may be substi-
tuted by a substituent selected from the group consist-
ing of halogen, Ci.14alkyl, benzyl, phenethyl, 4-methyl-
benzyl, naphthylmethyl, phenyl, naphthyl, indanyl,
Ca.10alkenyl, hydroxyl, protected hydroxyl, oxo, Cji-;.
4alkylthio, nitro, cyano, amino, protected amino, Cj.1.
aalkylamino, di-C;_j4alkylamino, Cji_jracyl, Ci.j2acyl-

Ci-14alkyl, carboxyl, protected carboxyl, carbamoyl,

amino-Cj.4alkyl, N-Cj.14alkylamino-Ci-y4alkyl, N,N-
di-C;i-14alkylamino-Ci.14alkyl, hydroxy-Ci-14alkyl, hy-
droxyimino-Ci-j4alkyl, Ci.j14alkoxy-Ci_j4alkyl, car-
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boxy-Ci._1aalkyl, Cj.14alkoxycarbonyl-Cji.-14alkyl, ben-
zyloxycarbonyl-Cj..14alkyl, phenethyloxycarbonyl-
Ci-14alkyl, 4-14alkyl, 4-methylbenzyl-oxcarbonyl-Ci_i.
salkyl, naphthylmethyloxycarbonyl-C;.14alkyl, sulfo-
Ci-14alkyl, sulfo, sulfamoyl-C;_i4alkyl, sulfamoyl, car-
bamoyl-C;-jsalkyl, carbamoyl-Ci.jpalkenyl and N-
hydroxycarbamoyl-Cj.4alkyl, said tetrazolyl group
being attached to the exomethylene group at the 3-posi-
tion of the cephem ring through a carbon-nitrogen
bond; R!0 represents an amino group or a protected
amino group represented by the formula,

R1!
N
C=C—NH—
RIZ/ 11{13
or by the formula,
R4
AN
C= N~
RIS/

in which R!l, Ri2) R13, R14 and R13, which may be
identical or different, are hydrogen atoms or Ci.14alkyl,
C-_10alkenyl, Ci.cycloalkyl, Cs_icycloalkenyl, phenyl,
naphthyl, indanyl, benzyl, phenethyl, 4-methylbenzyl,
naphthylmethyl, furyl, thienyl, pyrrolyl, pyrazolyl,
imidazolyl, thiazolyl, isothiazolyl, oxazolyl, 1soxazolyl,
thiadiazolyl, oxadiazolyl, thiatniazolyl, oxatriazolyl,
pyridyl, N-methyl-piperidiny]l, quinolyl, phenazinyl,
1,3-benzodioxolanyl, benzofuryl, benzothienyl, benzox-
azolyl, benzothiazolyl, coumarinyl or acyl groups,
which acyl can be derived from formic acid, acetic acid,
propionic acid, butanoic acid, isobutanoic acid, penta-
noic acid, methoxyacetic acid, methylthioacetic acid,
acrylic acid, crotonic acid, cyclohexanoic acid, cy-
clopentaneacetic acid, cyclohexaneacetic acid, cy-
clohexanepropionic acid or cyclohexadieneacetic acid;
and B represents a hydrogen atom or a Cj_salkoxy
group, which consists essentially of reacting a cephalo-
sporanic acid represented by the formula:

B v
T
z - N _~ 17
O CHsR

wherein R10 and B have the same meanings as defined
above; R17 represents a conventional acyloxy or car-
bamoyloxy group in the cephalosporin field; and Y
represents >S or >S—0, or its conventional deriva-
tive in the carboxy! group in the cephalospornin field or
a salt thereof, with tetrazole in which nitrogen atom in

tetrazole is attached to hydrogen atom and the carbon

atom 1in tetrazole may be substituted by a substituent
selected from the group as defined for R, in an organic
solvent in the presence of boron trifluoride or a com-
plex compound of boron trifluoride and then, if neces-
sary, removing the resulting by-product I-tetrazolyl
isomer, and if desired, removing the protecting group,
protecting the carboxyl group or converting the prod-
uct to a salt. |
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2. A method for producing a 7-(substituted or unsub-
stituted amino)-3-substituted methyl-A3-cephem-4-car-
boxylic acid or a salt thereof according to claim 1,
wherein B is a hydrogen atom.

3. A method for producing a 7-(substituted or unsub-
stituted amino)-3-substituted methyl-A3-cephem-4-car-

boxylic acid or a salt thereof according to claim 1,

wherein Y 1s > S. _

4. A method for producing a 7-(substituted or unsub-
stituted amino)-3-substituted methyl-A3-cephem-4-car-
boxylic acid or a salt thereof according to claim 2,
wherein Y i1s > S.

5. A method for producing a 7-(substituted or unsub-
stituted amino)-3-substituted methyl-A3-cephem-4-car-
boxylic acid or a salt thereof according to any one of
claims 96 to 98 or 1, wherein said organic solvent 1s an
organic carboxylic acid, a ketone, an ether, an ester, a
nitrile, a nitroalkane or a sulfolane.
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6. A method for producing a 7-(substituted or unsub-
stituted amino)-3-substituted methyl-A3-cephem-4-car-
boxylic acid or a salt thereof according to any one of
claims 2 to 4 or 1, wherein R!7 is an acetoxy group.

7. A method for producing a 7-(substituted or unsub-
stituted amino)-3-substituted methyl-A3-cephem-4-car-
boxylic acid or a salt thereof according to any one of
claims 2 to 4 or 1, wherein R2is a 2-(5-methyl-1,2,3,4-
tetrazolyl), 2-(5-acetamido-1,2,3,4-tetrazolyl), 2-(5-
ethoxycarbonylmethyl-1,2,3,4-tetrazolyl), 2-(5-phenyl-
1,2,3,4-tetrazolyl), 2-(1,2,3,4-tetrazolyl), 2-(5-bromo-
1,2,3,4-tetrazolyl), 2-(5-methylthio-1,2,3,4-tetrazolyl),
2-(5-amino-1,2,3,4-tetrazolyl), 2-(5-ethyl-1,2,3,4-tetrazo-
lyl), or 2-(5-ethoxycarbonyl-1,2,3,4-tetrazolyl) group.
8. A method for producing a 7-(substituted or unsub-
stituted amino)-3-substituted methyl-A3-cephem-4-car-
boxyl acid or a salt thereof according to any one of

claims 2 to 4 or 1, wherein the reaction temperature 1s
0°-80° C.

*x X %X ¥ =%
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